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1.0 SUMMARY
This
report
describes
the
results
of
several
integrated
projects
designed
to
further
our
understanding
of
the
sources
and
magnitude
of
fluvial
sediment
derived
from
agricultural
lands
and
delivered
to
the
Canadian
Great
Lakes.
Agricultural
regions
with
high
potential
sheet
erosion
losses
were
intensively
fanned
with
high
percentages
of
row
crops
(beans,
corn,
horticultural
crops).
Rainfall
induced
soil
erosion
losses
showed
considerable
year
to
year
variations
and
are
not
equally
distributed
throughout
any
given
year.
Winter
soil
erosion
losses
associated
with
snowmelt
events
can
account
for
up
to
25%
of
the
total
annual
soil
loss.
Suspended
sediment
yields
for
agricultural
regions
in
southern
Ontario
ranged
from
<lOO
kg/ha/yr
to
lOOO
kg/ha/yr.
in
these
agricultural
regions,
cropland
is
the
dominant
(70—l00%)
source
of
fluvial
sediments
with
streambank
and
channel
erosion
representing
a
minor
(0-30%)
source.
Suspended
sediments
originating
from
agricultural
land
are
predominantly
(75%)
transported
in
the months
of
February,
March
and
April.
A
suspended
sediment
delivery
ratio
curve
developed
for
Canadian
agricultural
watersheds
was
lower
(=lO%)
than
a
similar
curve
developed
by
the
Soil
Conservation
Service
in
the
U.S.A.
Delivery
ratios
were
also
computed
on
a
monthly
basis
with
delivery
ratios
in
excess
of
l00%
in
the
spring
months
and
below
5%
in
the
summer
months.
Three
prediction
models
have
been
used
(with
some
success)
to
estimate
stream
sediment
loads
in
agricultural
watersheds.
A
regression
model
(R
=
.7l)
has
been
established
to
predict
stream
sediment
loads
in
agricultural
waterSheds
where
the
%
row
crops
and
%
clay
in
the
soil
surface
are
known.
'
Active
sediment
contributing
areas
in
the
agricultural
watersheds
studied
have
been
found
to
be
dynamic
and
represent
<l5%
of
the
total
watershed
area.
Maximum
sediment
contributing
areas
have
been
observed
in
the
late
winter
and
spring
months.
The
use
of
simulation
techniques
to
assess
the
utility
of
several
remedial
measures\to
reduce
soil
erosion
have
revealed
that
potential
soil
loss
reductions
of
up
to
75%
can
be
achieved
with
conservation
measures
applied
to
sediment
source
areas.
 Extrapolation
of sediment loading
rates from the
representative
agricultural
regions
of
southern
Ontario
to all
agricultural
land
in
southern
Ontario
gives
an
average
annual
agricultural
loading
rate
of 215 kg/ha/yr.
 
 2.0
INTRODUCTION
TO
REPORT
This
final
report
combines
the
results
of
the
following
study
projects
undertaken
under
PLUARG
Task
Group
C
(Canadian
Section)
-
Activity
l:
Project
l6:
Erosional
losses
from
agricultural
lands;
Project
l7:
Sediment
delivery
ratios
in
small
agricultural
watershed;
and
integration
of
studies
dealing
with
or
related
to
agriculturally
derived
sediments
in
the
Canadian
Great
Lakes
Drainage
Basin
(Projects
#2A,
6A,
7,
l5,
l6,
l7
and
Task
C
Activity
6).
The
aim
of
the
integrated
research
projects
has
been
to
develop
a
capacity
for
predicting
the
source
and
magnitude
of
sediment
derived
from
agricultural
lands
and
delivered
to
the
Canadian
Great
Lakes.
The
approach
adopted
for
the
broad
problem
of
predicting
the
surface
movement
of
pollutants
from
agricultural
lands
has
involved
five
main
stages. These include:
(i)
development
of
conceptual
deterministic
models
of
soil
erosion
and
sediment
transport
from
source
to
stream;
(ii)
testing,
verification
and
improvement
of
the
conceptual
models
with
detailed
data
collected
from
a
limited
number
of
agricultural
watersheds;
(iii)
testing
of
the
spatial
extrapolation
capability
of
the
models
with
monitored
data
collected
from
other
lJC
selected
basins;
(iv)
testing
of
the
temporal
extrapolation
capability
of
the
models
by
comparing
the
sampled
period
of
record
(ie.
2
years)
with
a
longer
history
of
flows
and
extremal
situations;
and
(v)
integration
of
re5ults
generated
from
other
PLUARG
studies
relating
to
erosion
and
sedimentation.
The
data
base
for
the
studies
has
been
that
established
for
the
agricultural
wa
t
e
r
s
h
e
d
projects
regarding
the
C
a
na
d
i
a
n
portion
of
the
Great
\
 Lak
es
Bas
in.
Ele
ven
rep
res
ent
ati
ve
agr
icu
ltu
ral
wat
ers
hed
s i
n S
out
her
n
Onta
rio
were
incl
uded
in t
he P
reli
mina
ry M
onit
orin
g Pr
ogra
mme,
Phas
e I
(Ag
ric
ult
ura
l
Wat
ers
hed
Stu
dy,
Tas
k C
— C
ana
dia
n S
ect
ion
,
l97
h-l
975
and
l97
5-l
976
).
Six
of
the
ele
Ven
wat
ers
hed
s w
ere
inc
lud
ed
in
the
Det
ail
ed
Stu
die
s,
Pha
se
II
(Ag
ric
ult
ura
l W
ate
rsh
ed
Stu
die
s,
Gre
at
Lak
es
Dra
ina
ge
Basin, Canada, Detailed Study Plan, 1975-1976; October 1975).
Frank and Ripley (1977) have described the location and land use
activities in these representative agricultural watersheds.
 
 3.0 POTENTIAL SOIL EROSION LOSSES
FROM AGRICULTURAL LAND
3.l Introduction
The study objectives of this chapter regard soil erosion in
agricultural watersheds
in Southern Ontario and are as follows:
- to describe spatial and temporal aspects of soil erosion processes for
agricultural lands in Southern Ontario, and
- to identify the effects of agricultural land use on erosion losses.
The study approach has involved the use of the Universal Soil
Loss Equation to compute:
- average annual
potential soil
erosion
losses for the ll agricultural
watersheds that
represent the major agricultural
regions of Southern
Ontario;
— monthly,
seasonal
and annual
soil
losses for the year
l976 for 6 detailed
studied watersheds
(AG—l, AG-3, AG-4,
AG-S, AG-lO, AG-l3);
and
- monthly distribution of 1976 rainfall “R” values for comparison to long-
term average annual erosion values.
Soil erosion
information
presented in this Chapter has also been
used in Chapter 5 for delivery ratio computations,
in Chapter 6 for sediment
load
predictions
and
in Chapter
7 for
extrapolation
purposes.
3.2
Data
Collection
Methods
'
 
0n the basis of soil material, physiography, climate and predominant
livestock
and
cropping-management
systems,
Coote gt
al.
(l974)
identified
major agricultural
regions within
the Canagian Great—fakes Basin (Southern
Ontario)
and selected watersheds
(l9-54 km ) representative of each region.
The agricultural
regions and
representative watersheds are
identified on
Figure
l.
Data
for
the
soil
erosion
study were
obtained from
all
ll
watersheds
selected
initially
for
the
monitoring
study.
Frank
and
Ripley
(1977)
have
describéd
the
land
use
activities
in these
study watersheds.
 I
I
\~‘
,
12
s
I
‘
~
‘
I
-
~
_
1
r
0
PHASE I (Monitoring Study)
l
PHASE
II
(Detailed
Studies)
Figure
1:
Agricultural
Regions
and
Representative
Watershed
Locations
h
  
 The Universal Soil Loss Equation (Wischmeier and Smith, 1965)
has been used for estimating rainfall and runoff-induced soil erosion
losses for the various crops grown in each watershed. Losses estimated by
this method are meant to include both sheet and rill erosion, as defined
by the original authors.
The Universal Soil Loss Equation (U.S.L.E.) is:
A = RKLSCP, where
A = the predicted average soil loss, expressed in ton/acre/yr,
R = the rainfall factor, expressed as a rainfall-erosion index,
K = the soil erodibility factor, expressed as tons of soil loss per
acre per unit of rainfall-erosion index on a plot (9% slope,
22.l m long, in continuous fallow, tilled up-down slope),
L = the length—of—slope factor, expressed as the ratio of soil loss
from a specified length of slope to that defined for the K factor,
5 = the slope-gradient factor, expressed as the ratio of soil loss
from a specified percent slope to that of the K factor,
C = the cropping management factor, expressed as the ratio of soil
loss under a specified cropping management system to the loss
under fallow conditions,
P = the erosion control practice factor, expressed as the ratio of soil
loss with a specific conservation practice (e.g. contouring, strip-
cropping, or terracing) to that with up—down slope cultivation.
The rainfall erosion “R” values were derived from long-term rain-
fall
records and calculated for ll climatic stations
in Southern Ontario
(Ateshian, I974).
A map showing the average annual values of the rainfall
factor R in SOuthern Ontario was produced by employing computed R values
and published R values for the United States bordering Southern Ontario
(van Vliet gt 21, l976) (Figure 2).
Measured rainfall data in the watersheds
(PLUARG Project
6A
- Sanderson,
l978)
were
the basis
for
the
determination
of “R” values for the year
l976 by the same method
(Ateshian,
l97h).
Detailed information concerning
land use,
cultivation practices,
crop rotation systems, soil properties and land slopes required for the
application of the soil
loss equation were obtained by a combination of
on-site
evaluation,
laboratory
analyses
and
aerial
photographic
interpre-
tation.
\
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Table 1: 197
6 Sheet and rill
erosion losses fo
r AG—l (Big Creek
Watershed)
1
2
3
H
5
6
7
8
~
9
10
Average
Soil Loss
Soil
Adjusted
“R” Value Ra
tios RxC
RxC
For Snow
Month 1975 Longterm (C)
(%) (metric tons) (%) (metric tons) (ton/ha)
 
JANUARY
6.7
0.53
0.51
3.417 7.5
2942.5
8.5
3334.9
0.656
FEBRUARY 6.7 1.03 0.51 3.417 7.5 2942.5 9.5 3727.2 0.734
MARCH
18.38 1.81 0.51
9.374 20.5 8042.9
27.5 10789.3
2.124
APRIL 14.36 4.71 0.51 7.324 16.1 6316.6 16.1 6316.6 1.243
MAY
6.03 6.32 0.67
4.040 8.9 3491.8
8.9 3491.8
0.687
JUNE
6.91 16.69
0.50
3.455 7.6
2981.8
7.6
2981.8
0.587
l
0
JULY 35.28 26.27 0.26 9.173 20.1 7885.9 20.1 7885.9 1.552
AUGUST
0 20.72
0.26
0
0
0
0
0
0
SEPTEMBER
11.38
7.59
0.26
2.959
6.5
2550.2
6.5
2550.2
0.502
OCTOBER
5.90 4.48
0.41
2.419 5.3
2079.4
5.3‘
2079.4
0.409
NOVEMBER
0 1.65
0.51
0
0
0
0
0
0
DECEMBER
0 3.20 0.51
0 0
0
0
0
0
YEAR
111.6 95.00
45.578 100.0
39233.8
110.0
43157.2
8.h96
 
   
 
These
computations,
demonstrated
for AG-l,
were
also
perfonned
for the other 5 watersheds
(AG-3, AG-A,
AG-lO, AG-l3)
and may be found
in
Appendix l.
3.3 Experimental Results
The
locations of the ll representative agricultural watersheds
for
whiCh
potential
sheet
erosion
losses
were
computed
are shown
in Figure
l.
The
predominant
soil
material
and
land
use
encountered
in
the
watersheds
are
summarized
in
Table
2.
Results
of
the
application
of
the
U.S.L.E.
to
the
ll
watershed
areas
are
presented
in
histograms
(Appendix
2)
and
data
for
watershed
#l
are
discussed
below
to
illustrate
how
the
information
in
the histograms can be interpreted.
Figure
3
shows
the
percentage
of
watershed
#i
occupied
by
the
different
crops
versus
the
average
annual
potential
sheet
erosion
losses.
In
addition,
the
range
of
soil
loss
for
each
cropping
system
that
results
fron
different
soil
factors
and
topographic
factors
is
indicated
for
each
crop
by
a
range
line.
For
example,
the
average
annual
potential
sheet
erosion
losses
from
corn,
soybeans
and
small
grains
in
rotation
are
approximately
7
metric
ton/ha/yr,
but
soil
losses
may
range
from
3.5
-
9.6
ton/ha/yr
depending
upon
the
soil
erodibility
and
slope
factors.
Both
permanent
pasture
and
woodland
are
estimated
to
have
low
soil
losses
(<O.5
ton/ha/yr)
as
compared
with
rotational
crops
(>6
ton/ha/yr)
in
this
watershed.
Soil
erosion
losses
for
the
other
l0
watersheds
are
presented
in
the
same
manner
in
Appendix
2.
A
soil
erosion
index
was
developed
in
order
to
provide
a
method
for
comparing
the
long-tenn
potential
erosion
hazards
of
the
different
agricultural
watersheds.
The
sheet
and
rill
erosion
index
for
each
watershed
studied
was
derived
by
integrating
the
average
sheet
erosion
losses
(i.e.
the
total
area
under
the
histograms
depicted
in
Figure
3
and
Appendix
2)
On
the
basis
of
this
watershed
erosion
index,
each
watershed
was
placed
into
a
high,
medium,
or
low
erosion
category
as
indicated
in
Table
3.
Based
on
the
results
for
the
representative
watersheds
the
agricultural
regions
in
southern
Ontario
were
also
classified
into
a
high,
medium
or
low
erosion
potential
category.
The
spatial
distribution
of
potential
soil
erosion
in
southern
Ontario
is
depicted
in
Figure
4.
Another
way
of
presenting
the
erosion
data
of
Figure
3
and
Appendix
2
is
to
summarize
the
potential
sheet
erosion
values
for
several
of
the
predominent
agricultural
crops
grown
in
southern
Ontario.
The
mean
values
of
the
estimated
soil
losses
for
the
crops
grown
in
different
watersheds
were
calculated
and
are
summarized
in
Table
4.
The
range
values
express
the
effects
of
variations
in
soil
erodibility
“K”,
topography
“LS”
and
rainfall
“R”
over
the
different
areas.
Potential
sheet
erosion
losses
for
southern
Ontario
on
a
long-term
(22
years)
basis,
on
a
single
year
(l976)
basis
and
on
a
crop
basis
are
shown
in
Figure
5.
Soil
losses
(1976)
were
higher
than
iongterm
average
annual
losses
reflecting
greater
than
average
rainfall in l976.
lZ
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Table 2: Predominant soil materials, topography and land uses for 11 agricultural watersheds.
WATERSHED
 
AG—Number
Name and County
1
Big Creek (Essex Co.)
2
Venison Creek (Norfolk
Co.)
3 Upper Little Ausable
River (Huron Co.)
4
Canagagigue
Creek,
West
Br. (Wellington-Peel Co.)
5
Holiday
Creek,
Trib.
of
M
i
d
d
l
e
Thames
(Oxford
Co.)
6
Tributary of Maitland Riv.
(Huron
& Wellington
Co.)
7
Shelter Valley Creek
(Northumberland
Co.)
10
North
Creek
Br.
of
Twenty
Mile Creek
(Lincoln Co.)
11
Salt Creek (Peel Co.)
13
Hillman Creek, West Br.
(Essex County)
14
Wilmot Creek (Bruce Co.)
SOIL MATERIALS AND TOPOGRAPHY
Clay to clay loams over clay to silty clay
tills; nearly level to undulating terrain.
Sands, sandy loams and loamy sands; undulating
to gently rolling terrain.
Silty clay loams and silt loams over silty
clay loam tills; undulating terrain.
Silt loams, silty clay loams and clay loams
over silty clay loam and clay loam tills;
undulating terrain.
Silt loams over loamand silt loam tills,
undulating terrain.
Silt loam and loam tills; undulating terrain.
Sandy loam tills; stony; moderately to
strongly rolling terrain.
Silty clay loams over clay and silty clay
till. Undulating terrain.
Loam to clay loam to clay; nearly level to
undulating terrain.
Fine sands, loamy fine sands and very fine
sandy loams; level to very gently sloping
terrain.
Clay and silty clays; gently rolling terrain.
LAND USE
Cash crops, corn, soy beans.
small grains.
Tobacco and dairy.
Cash crops, corn, white
beans, small grains, dairy.
Dairy, small grains and corn
in meadow rotations.
Dairy, ho
gs, corn,
small
grains.
Beef, hogs, meadow in
rotation with small grains.
Forest, hobby farms,
tobacco, permanent pasture.
Dairy, hogs, poultry, perm—
manent pasture, meadow in
rotation.
Beef, dairy, rapidly urban"
izing, permanent pasture,
corn.
Cash crops, fruits,
vegetables, corn,
soybeans,
tomatoes, etc.
Beef (extensive),
permanent
pasture, meadow.
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Figure
3:
Longterm Average Annual Soil Erosion Losses by Crop for AG—l
(Big Creek Watershed)
   
Table 3: Soil erosion indices for ll agricultural watersheds
WATERSHED WATERSHED EROSION EROSION
WATERSHED WATERSHED NAME AREA INDEX POTENTIAL
NO 1 (ha) (ton/ha/yr) (ton/acrefyrmATEGo RY
l3 Hillman Creek (West 1990 7.3 3.2“‘—
Branch)
l Big Creek Trib. to 5080 6.6 2.9 High
Thames River
7 Shelter Valley Creek 5645 5.7 2.5
3
Upper Little Ausable
6200
4.3
1-9-———
River
6 Tributary of Maitland 5472 4.0 1.8
River
Medium
5
Holiday Creek (Trib.
3000
307
107
of Middle Thames River)
11 Salt Creek 2383 3.0 l.3————
4 Canagagigue Creek 1860 2.1 0.9“--
(West Branch)
14 Wilmot Creek 4504 l92 0.6
10
North Creek Branch
3025
1.1
0.5
Low
of Twenty Mile Creek
2
Venison Creek
79l3
1.0
0.4-—-—
 
1See Figure 1 For location of watersheds and Table 2 for a brief watershed
description.
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Figure 4:
Spatial Distribution of Potential Soil Erosion in Southern Ontario
 
  
Table 4: Magnitude of potential sheet erosion losses from cropland
in Southern Ontario
SHEET EROSION LOSSES BY CROP
Mean Rangeigi
CROP (ton/ha/yr) (ton/ha[yr)
Horticultural crops
(potatoes, tomatoes, etc.)
9.1
6.6 - 12.2
Beans
(soy
and
white)
7.6
5-5
-
9o8
Continuous corn
6.7
2.9 - 11.7
Corn in rotation
3.7
0.9 -
6.9
TObacco
305
2.1
-
[+09
Small grains
3.4
1.5 -
6.9
Meadow in rotation
2.6
0.9 - 5.0
Permanent pasture
0.#
0.1 -
0.8
Woodlands
0.2
0.05 - 0.h
 
1Range Values
reflect
a combination
of
soil,
topographic
and
rainfall
variations
between
watersheds.
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 In addition to long-term average annual potential erosion losses,
short time period erosion losses (e.g. 1976) were computed.
Results of the
l976 monthly and annual predicted erosion loss computations for the 6
detailed-study watersheds are presented in Table l for AG-l and Appendix I
for AG-3, AG-h, AG-S, AG-lO, AG-l3.
Watershed soil erosion losses for l976
are presented in Figure 5.
Table 5 summarizes the 1976 monthly distribution of soil loss and
annual erosion losses for the 6 detailed-study agricultural watersheds.
The monthly
soil
loss value
expressed both in tonnes per hectare
(ton/ha)
and as a percentage of the yearly soil
loss is presented for each watershed
in Table 5.
The variability among watersheds for a particular month or
group of months (seasons)
is large, mainly due to the variable nature of
rainfall energy
and intensity.
This is clearly demonstrated by the following
seasonal distributions of percent soil
loss for the 6 watersheds:
January-April
May-August
September-December
 
AG—l
56
23
ll
AG-3
31
63
6
AG-h
46
48
6
AG-S
29
63
8
AG-lO
39
57
h
AG-l3
45
42
13
The
seasonal
range
in
soil
loss
is
largest
for
the
summer
period
(23-63%).
This
is
of
no
surprise,
since
the
summer
period
is
characterized
by
highly
variable
rainfall
properties
(e.g.
kinetic
energy
of
raindrops
on
the
soil,
intensity
of
rainfall).
The
smallest
seasonal
range
was
found
for the fall period (h-l3%).
Table 5 has been summarized
in a graph
in Figure 6.
Figure 6
shows
average
monthly
soil
erosion
values
for
the
6
watersheds.
The
seasonal
soil
loss
contribution
is
largest
during
summer (May-August),
with
over
half
(55%)
of
the yearly
potential
soil
loss.
About
l/3 of
the annual
potential
soil
loss
occurs
during
the
January-April
period.
The
remainder
took
place
during
the
fall
period
(September-December).
3.h
Data
Analysis
3nd
interpretation
The spatial picture of soil erosion
reveals
that most watersheds
falling
in
the
highest
erosion-potential
category
(Table
3)
are
intensively
farmed
agricultural
areas
characterized
by
cash
crop
production
and
a high
percentage
of
arable
land
(land
used
for
crop
production).
Watershed
AG-7
is
a
notable
exception
to
these
observations
and
will
be
discussed
later.
l9
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Table 5: Sum
mar
y o
f
197
6
pot
ent
ial
she
et
and
ril
l
ero
sio
n l
oss
es
for
6
agr
icu
ltu
ral
wat
ers
hed
s.
MONTH
JANUARY
FE
BR
UA
RY
M
A
R
C
H
APR
IL
M
A
Y
J
U
N
E
JU
LY
AU
GU
ST
SE
PT
EM
BE
R
OCT
OBE
R
NOVE
MBER
DECE
MBER
AG
—l
ton/ha
0.
65
6
0.734
2.124
1.243
0.687
0.5
87
1.5
52
0
0.5
02
0.4
09
‘0
0
Z
25
14
AG—3
ton
/ha
0.419
0.6
71
1.1
98
1.9
28
0.8
62
1.7
25
5.6
05
0.4
67
0.7
66
0.1
32
0
C
)
1
4
13
4
1
AG-4
ton/ha
0.1
30
0.2
02
0.4
51
0.437
0.3
53
0.8
48
0.105
0
0.0
98
0.0
49
Z
5
1
7
1
6
13
3
1
AG—S
ton/ha
0.7
21
0.6
37
3.7
77
1.8
89
2.
18
6
0.6
58
5.
77
2
6.9
59
0.9
34
0.679
0.1
91
0
2
3
28
AG
—l
O
ton
/ha
0.0
51
0.060
0.305
0.264
0.2
78
0.557
0.1
32
0.0
14
0.043
0.019
0.0
24
%
18
1
5
16
3
2
AG—
l3
t
o
n
/
h
a
0.5
60
1.7
54
1.7
85
0.9
96
0.6
33
2.459
1.7
64
0
0.8
41
0.4
05
0.2
18
15
16
21
15
YE
AR
(1
97
6)
8.496
100
13
.7
73
100
2.673
10
0
24
.4
02
100
1.
74
6 100
11
.4
17
100
 
  
The watersheds having medium erosion potential can be characterized by
a mixed farming type of agriculture
involving
livestock operations
in
combination with
some cash cropping.
Agricultural watersheds
demonstrating
low erosion potential
are generally found
in the
less intensively farmed
agricultural
regions with
livestock fanning operations and with a large
percentage of meadow crops,
permanent pasture and woodland.
In addition,
watersheds of this category exhibit the lowest percentage
of arable land.
The high erosion potential
for the Shelter Valley Creek Watershed
(AG-7)
results
from the steep topography and highly erodible
loamy sand and
fine sandy loam soil.
High erosion-potential values are clearly expressed
by
the large range values for AG-7 in Appendix 2.
The watershed
land use
in AG-7 is analagous,
however,
to watersheds
in the low erosion-potential
category.
It should be noted that the three watersheds with
highest erosion
indices are not necessarily
the watersheds contributing the most sediment
into stream channels.
The soil erosion categories only indicate how
vulnerable
the watersheds
are to sheet erosion
losses.
Soil
particles
in
the transport phase of the soil erosion process might easily become trapped
in depressional
areas, grassed waterways,
etc., before
they reach stream
channels.
For example,
it
is quite possible that a watershed in
the category
for
low potential
for sheet erosion
losses could contribute more sediment
into streams than watersheds of the high erosion category because of an
efficient
transport
system
from
land
to
stream.
With
respect to the effects of agricultural
land use on erosion
losses,
results presented
in Table A and
:igure 5 indicate that maximum
potential sheet erosion
losses (>6.5 ton/ha/yr)
occur in those crops
(horticultural,
beans,
and
continuous
corn)
that have
the
least
soil
cover
during
the growing
season.
In the
soil
loss equation
the
lack of
soil
cover is reflected in a high C-factor value.
Lowestsheet erosion
values
(<0.5
ton/ha/yr)
have
been
detennined
for permanent
pasture
and
woodlands,
as
these
land
uses
provide
sufficient
soil
cover.
Crops
grown
in
rotations
(corn
and
small
grains)
with
a
green
cover
crop
result
in
reduced
potential
erosion
losses as
indicated by
the
fact
that a
corn
crop
in
rotation
yields
45%
less
potential
soil
erosion
than
the
same
corn
crop
grown
continuously
(Table
3).
The cover
crop
is believed
to
reduce
erosion
losses
both by affording
protection
from
rainfall
energy
and
by
improving
organic matter
levels
and
soil
structure;
The
somewhat
lower erosion
value
(3.5 ton/ha/yr)
for tobacco (Table 4), a row crep,
is explained by the fact
that this
crop
is generally
grown
on
slightly
erodible
loamy
sand and
sandy
loam soils
on
level
to gently
sloping
landscapes.
The
high value
for
beans
could
also
be attributed
to the
fact
that
they are
often
grown
on
highly
erodible
fine-textured
clay
loam and clay
soils.
All
other
crops are
grown
on
the
full
range
of
soil
textures
and
topographies
present
in
the
water-
sheds
studied as
evidenced
by
the
range values
of
Table
4.
A change
in
cropping
practices
in
a
particular
area,
e.g.
growing
more
continu0us
corn
at
the
cost
of
small
grains
and
hay-pasture,
results
in
significantly
higher levels of soil erosion.
2i
  
Results of the l976 predicted erosion losses have been compared
with
the
long
-ter
m av
erag
e an
nual
loss
es (
Figu
re 5
).
The
long
-ter
m av
erag
e
annual value of rainfall erosion “R” for the ll agricultural watersheds is
66. For l976, the average annual R for the ll watersheds is l30, almost
two times higher. This l976 rainfall R value explains the higher potential
sheet and rill erosion losses for l976 (Figure 5). However, the contribution
from snowmelt accounts for lO-l5% of the increase in soil erosion during 1976
compared with the long-term values. Holiday Creek (AG-5) had an extremely
high rainfall in l976 during the months of July and August (Appendix 2)
(e.g. on August l3 and l4; l2l mm fell within 27 hours, from which 70 mm
fell in a two hour period); hence the very high potential soil loss for
this watershed. it is apparent from Figure 5 that due to the variable
distribution of rainfall, specific year soil losses (l976) can be highly
variable in place and time. Such variability can significantly influence
the relative ranking of watersheds compared to a ranking for long-term
predicted soil losses.
 
The temporal aspect of soil erosion on agricultural lands, depicted
in Figure 6 clearly demonstrates that the average soil erosion losses for
the 6 watersheds are not equally distributed over the year. The temporal
picture of potential erosion is one for which soil loss during the sumner
months is highest. For a clearer perspective, the monthly distributions of
rainfall “R” values, expressed as a percentage of the yearly value, are
presented in Figure 7 for both the l976 and the long-term “R”. The l976
“R” distribution, similar to the long-term distribution, indicates that
most (65%) of the annual “R” occurs during the high rainfall intensity summer
period of May-August. Despite a generally good protective crop cover during
this period, the distribution of average 1976 soil erosion losses follows
the same pattern of the “R” values with over half of the yearly potential
soil loss occurring during the summer period (Figure 6). In other words,
the erosive rainfall values are well correlated with the soil erosion values.
Rainfall data, such as the ones depicted in Figure 7, may also explain the
usually high l976 soil losses during the winter period January-April, in
which 36% of the annual soil loss took place (Figure 6). During this 1976
winter period, “R” accounted for 25% of the yearly value compared with only
l0% for an average year (Figure 7). This could also be a reason for high
1976 measured fluvial suspended sediment loads for the watersheds during
the same period, as will be discussed in Chapter A.
3.5 Conclusions
From this chapter, the following conclusions can be drawn:
- Agricultural watersheds with relatively medium to high potential soil
loss (AG-l, AG-3, AG-S, AG-l3) include intensively farmed agricultural
regions where a high percentage of the crops grown are row crops
(horticultural crops, beans, continuous corn). The remainder of the
agricultural watersheds with a medium to low potential for sheet
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 erosion
losses
are
fOund
in
non-intensively
farmed
regions with
mainly
livestock
operations,
where
most
crops
are
grown
in
a
rotation
with
one
or
more
years
of
hay-pasture.
Row
crops
(including
horticultural
crops,
beans
and
continuous
corn)
have
the
potential
to
cause
more
than
twice
as
much
soil
loss
as
crops
grown
in
rotation
with
a
green
cover
crop
(such
as
corn,
small
grains,
tobacco
and
meadow).
Lonest
sheet
erosion
losses
may
be
expected
to
occur
on
permanent
pasture
and
woodlands,
amounting
to
less than 0.5 ton/ha/yr.
Soil
erosion
losses
in
l976
were
computed
to
be
higher
than
longterm
average
annual
soil
losses
because
of
higher
than
average
rainfall
energy in 1976.
Soil
erosion
losses
are
not
equally
distributed
over
the
year.
The
temporal
pictUre
of
potential
soil
erosion
is
one
for
which
soil
losses
during
the
summer
months
are
highest.
In
particular,
the
high
intensity
rainfall
events
that
occur
during
the
months
of
June,
July
and
August
account
for
almost
half
the
total
annual
erosion
potential.
'The
l976
rainfall
“R”
distribution,
similar
to
the'long-term
distri-
bution,
indicates
that
most
(
65%)
of
the
annual
“R”
occurs
during
the
high
rainfall
intensity
period
of
May-August.
During
the
l976
winter
period
(January-April),
however,
“R”
accounts
for
25%
of
the
yearly
value
compared
with
only
l0%
for
an
average
year.
This
is
likely
to
have
an
effect
on
the
1976
measured
fluvial
suspended
sediment
loads
for
the
ll
watersheds.
Long-tenn
average
annual
sheet
erosion
losses
are
not
as
high
as
values
calculated
for
the
Central
United
States.
The
lower
estimates
are
mainly
due
to
the
relatively
low
rainfall
“R”
values
(
l00)
in
Southern
Ontario
compared
to
the
higher
rainfall
“R”
values
(l75-300)
in
the
Central
U.S.A.
(Wischmeier
and
Smith,
l965).
Unless
the
efficiency
of
transport
of
soil
materials
from
the
land
base
to
the
stream
system
is
known,
potential
soil
erosion
losses
are
not
necessarily
indications
of
sediment
yield
to
the
streams.
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 4.0 MEASURED FLUVIAL SEDIMENT LOSSES
FROM AGRICULTURAL LAND
h.l Introduction
The objective of this chapter is to describe the spatial and
temporal distribution of suspended sediment loads measured in the ll
agricultural watersheds. Suspended sediment load data were made available
by the Ontario Ministry of the Environment (Project #Za) as part of the.
PLUARG Monitoring Studies.
Monthly and seasonal suspended sediment loads have been determined
as well as the importance of extreme storm events relative to annual
sediment load values.
Data on measured suspended sediment loads presented in this
chapter have also been used for the consideration of sediment delivery
ratios (Chapter 5), sediment load prediction models (Chapter 6) and
extrapolation purposes (Chapter 9).
4.2 Data Collection Methods
 
As part of the PLUARG Monitoring Studies, Phase l, the Ontario
Ministry of the Environment collected streamflow data and suspended sediment
concentrations from stream samples for ll agricultural watersheds in
southern Ontario for the period from Spring l975 through Spring l977
(Project #Za). From this information, fluvial suspended sediment loads
were calculated by the following four methods:
Hydrograph integration (Porterfield, l972)
Naquadat (Demayo 8 Hunt, l975)
Beale ratio estimator (PLUARG, Quality Control Handbook, l976,
|.J.C., Windsor)
- M.O.E. regression (Onn, §t_§lj l978)
in addition, stream flow data and sediment concentrations were
collected during l976 for 4 subbasins in the AG-h and AG-S watersheds
(Project #l7). Sediment loads were computed for these subbasins by the
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Hydrograph Integration Method. The locations of these subbasins are
included in Figures 11 and 12 of Chapter 6.
Monthly suspended sediment loads were computed for 1976 for the
11 agricultural watersheds by the Naquadat Method and for the h subbasins
by the Integration Method.
Seasonal loads, based on the monthly suspended
sediment load data, were also determined.
The
importance of
extreme
storm
events
in
comparison
to
annual
sediment loads has also been investigated. An extreme Value analysis of
sediment load data
for southern Ontario rivers (contained in publications
entitled Sediment Data in Canadian Rivers and
prepared by Fisheries and
Environment Canada)
and duration curve analysis of loads for these rivers
and the PLUARG watersheds served as the base studies.
h.3 Experimental Results
 
The
1976
sediment
loads
computed
by
the
four
methods
noted
abOVe
are
presented
in
Figure
8.
Since
the
Beale
and
Naquadat
Methods
when
applied
to
the
estimation
of
suspended
sediment
loads
produced
quite
different
results,
further
analysis
was
conducted
in
this
regard.
Detailed
analysis
has
reVealed
that
the
hydrograph
integration
method
and
the
Naquadat
Method
best
reflect
the
observed
suspended
sediment
load
conditions
(Appendix
3).
In
addition,
it
was
found
that
both
methods
present
the
most
reliable
relative
rankings
of
the
watersheds.
Consequently,
data
analysis
and
interpretation
of
results
have
been
based
on
these
two
methods
only.
When
the
watersheds
are
classified
into
three
sediment
load
categories
according
to
the
integration
and
Naquadat
approaches,
AG-l
has
an
average
annual
unit
area
loading
of
900
kg/ha;
AG—3,
4,
5,
10
and
13
have
averages
in
the
order
of
350
kg/ha;
and
AG-2,
14,
6,
7
and
11
have
averages
of
about
80
kg/ha
for
1976
load
data
(Figure
8).
The
average
unit
area
loadings
are
representative
of
rural
land
and
may
include
both
cropland
and
streambank
components.
The
unit
area
loads
consider
the
total
load
to
be
apportioned
equally
over
the
area
of
the
watershed.
The
result
is
a
general
average
unit
area
load
for
the
particular
agricultural
“landscape”
which
is
represented
by
each
of
the
agricultural
watersheds.
It
is
the
net
effect
of
soil
type,
climatic
zone,
combination
of
crops
grown
with
or
without
associated
live-
stock
enterprises,
etc.
and
gives
an
approximation
of
the
average
agricult-
ural
contribution.
These
unit
area
loadings
also
include
such
nonagricult-
ural
interferences
as
privaﬁe
waste
disposal,
highways,
forestry,
etc.
which
occur
within
agricultural
areas
but
which
cannot
be
readily
separated
as
to
p
o
l
l
u
t
a
n
t
l
o
a
d
s
.
Monthly
1976
unit
area
loads
(Naquadat
Method)
for
the
11
agricult-
ural
watersheds
are
presented
in
Appendix
A.
The
average
monthly
suspended
sediment
loads
have
been
extracted
from
this
data
set
to
reveal
the
temporal
distribution
presented
in
Figure
9.
It
is
apparent
from
this
distribution
that
most
(75%)
of
the
total
annual
suspended
sediment
load
leaves
the
mouths
of
the
watersheds
during
the
months
of
February
through
April.
This
temporal
27
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D
 pattern closely parallels the seasonal distribution of flood occurrences in
southern Ontario and has been confirmed for many rivers draining larger
watersheds in the Great Lakes Basin (Dickinson gt El, 1975).
Seasonal loads haVe been determined with the Naquadat approach
and Beale ratio estimates for the periods: 1. “dormant, cold - warming” -
to include the latter part of winter and spring thaw, approximately January
through April in southern Ontario; II. llactive growing” - to include the
active growth period from May through August; and III. "dormant - cooling
- cold” — to include that time when little growth and rather little runoff
occurs. The seasonal loadings appear to be about the same for both methods
of sediment load computation (Table 6).
Monthly suspended sediment loads for about two years of measure-
ments have been calculated by the Naquadat Method and are presented for the
ll agricultural watersheds in Appendix 5 and 6. Average annual sediment
loads computed from the data of Appendix 5 were used for data analysis and
interpretations in Chapter 5 (Delivery ratios). Also, monthly suspended
sediment loads for h subbasins in AG-h and AG-5 (Appendix A) will be used
in the next Chapter 5.
#.h Data Analysis, Interpretation and Conclusions
Sediment yields for rural watersheds in Southern Ontario range
from 100 to 1000 kg/ha/yr (when computed by the Hydrograph Integrationand
Naquadat Methods). The cause of the observed variations among watersheds
can be related to soil and land use factors as well as watershed transport
capacity. For example, someareas with highly erodible soils and erosion
sensitiVe land uses (corn) do not always reflect high sediment loading rates
(AG-3, AG—7, AG-13). Watershed transport factors such as stream channel
buffering (with grass or trees) or stream channel density also have a large
effect on determining unit area sediment loadings and in many cases appear
more significant than soil erodibility and cropping factors.
Although the relative suspended sediment loadings from the land
uses in the ll agricultural watersheds are not available, the reSearch field
observations have revealed that the bulk of the 1976 load emanates from
cropland. Further, agricultural practices which leave the soil relatively
bare during the snowmelt and spring runoff period contribute heavily to
suspended sediment loads.
Since sediment production from grasslands and woodlands is minimal,
the primary sources of sediments in the agricultural watersheds are crop-
lands and streambanks.
To quantify these two sources, 1976 watershed sedi-
ment loads (Naquadat Method) have been partitioned into streambank and
cropland erosion components (Table 7).
Streambank erosion estimates have
been made by Knap (1978).
The amount of bank erosion transported down-
stream has been assumed to include the silt and clay fraction of the eroded
30
 TABLE 6:
Seasonal
Distribution
of
Average
Sediment
Loadings
for Agricultural Watersheds
PROPORTION Z
METHOD OF SEDIMENT
NUMBER OF
JAN.-APRIL
MAYfAUGUST
SEPT.-DEC.
LOAD COMPUTATION
WATERSHEDS
I
II
III
Naquadat
ll
77
21
2
Beale Ratio Estimator
10
76
20
4
(AG—ll
missing)
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Table
7:
Partitioning
of
1976
Measured
Suspended
Sediment
Loads
in
Streambank
and
Cropland
Erosion
Components
1976
STREAMBANK2
NET
STREAMBANK
AS
CROPLAND
AS
PROPORTION
WATERSHED
1976
SEDIMENT
LOADS
1
EROSION
ESTIMATES
PROPORTION
OF
TOTAL
OF
TOTAL
SEDIMENT
LOAO
(kg/ha/yr)
(kg/ha/yr)
SEDIMENT
LOAD
(%)
(100—%
STREAMBANK)
NET
TOTALs
AG-l
998
223
286
22
78
AG—2
“+0
10
20"
7
93
AG-3
258
24
29
9
91
AO-u
£119
137
2111
33
67
AG-5
351
5
1O
15
85
AG-6
64
10
111“
16
81+
AG-7
L13
7
18‘+
16
84
AG-lO
.
375
17
18
5
95
AG-l
1 3
19
65
93
-—
-
AG-l3
310
£11
56"
13
87
AG-lll
'
135
75
94“
-
-
Using
Naquadat
Method
of
sediment
load
computation
Knap
(1978)
PLUARG
Project,
Task
C,
Activity
#6,
I.J0C.,
Windsor
Problems
with
streamflow
measurements
account
for
the
very
low
sediment
load
Estimates
for
original
selected
watersheds,
before
relocation
Values
used
in
Chapter
5
for
delivery
ratio
computations
N
M
1
'
"
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 material
and
is
expressed
as
a
percentage
of
the
l976
measured
sediment
loads
(Table
7).
It
is
evident
that
sheet
and
rill
erosion
from
cropland
contribute
the
largest
percentage
of
the
sediment
(70-l00%),
while
the
bank
erosion
contributes
between
0
and
30
percent
(Table
7).
Suspended
sediments
are
not
transported
from
rural
land
uniformly
throughout
the
year.
Figure
9
illustrates
the
monthly
distribution
of
sediment
loads
from
rural
lands
in
Southern
Ontario
for
l976
data.
Ab0ut
75%
of
the
annual
suspended
sediment
load
is
transported
in
February,
March
and
April.
These
months
are
characterized
by
saturated
soils,
low
rainfall
energy
and
snowmelt
events.
Streambank
erosion
has
also
been
observed
to
be
maximum
in
the
February-March-April
time
period.
The
fall
period
is
characterized
by
very
low
sediment
movement
in
the
order
of
2-4%
of
the
total
yearly
sediment
load
(Figure
9).
High
energy
rainfall
events
that
occur
in
the
summer
months
can
cause
high
On-site
sheet
erosion
losses
but
because
the
soils
are
generally
not
water-saturated
at
this
time
of
the
year,
infiltration
of
water
is
enhanced
and
the
trans-
port
of
eroded
sediments
is
minimized.
However,
during
l976,
about
20%
of
the
yearly
watershed
sediment
load
was
measured
to
leave
small
agricultural
watersheds
during
the
summer
period
(Table
6).
This
rather
high
percentage
was
caused
by
a
relatively
wet
summer
with
frequent
rainstorm
activities
(Appendix 3).
Examination
of
the
temporal
suspended
sediment
pattern
in
the
agricultural
watersheds
in
relation
to
patterns
in
the
larger
Southern
Ontario
watersheds
referred
to
by
Dickinson,
et
a1:
l975,
reveals
a
number
of
observations
regarding
the
role
of
extreme—eyents.
Fifty
percent
of
the
suspended
sediment
load
is
transported
in
less
than
five
percent
of
the
time;
and
eighty
percent
of
the
load
is
transported
in
less
than
10
percent
of
the
time.
Further,
severe
runoff
events
can
flush
as
much
or
more
suspended
material
out
of
the
watersheds
in
a
few
days
than
is
moved
through
the
systems
during
an
average
year.
For
example,
a
suspended
sediment
storm
event
of
ten
year
return
period
(i.e.
the
average
period
of
time
between
events
of
sediment
load
equal
to
or
greater
than
the
specified
storm
event
load
is
ten
years)
can
be
expected
to
contribute
approximately
three
times
the
average
annual
load;
the
fifty
year
event
contributes
approximately
ten
times
the
average
annual
load;
and
the
one
hundred
year
event
contributes
sixteen
times
the
annual
load.
These
figures
reveal
that,
the
suspended
sediment
loading
contributed
to
the
lakes
by
events
exhibiting
return
periods
of
less
than
10
years
is
approximately
equivalent
to
the
loading
contributed
by
eVents
with
return
periods
between
l0
and
100
years.
These
results
have
important
implications
for
the
consideration
of
remedial
measures.
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5.0 SUSPENDED SEDIMENT DELIVERY RATIOS
5.] Introduction
Stream sediment loads are dependent both on gross erosion in the
watershed and on the transport capacity of the watershed. Generally only
a part of the material eroded from upland areas in a watershed (gross
soil erosion) is carried out of the watershed by streams. A variable
proportion of the eroded materials may be deposited during the transport
phase of the soil erosion process. The relationship between annual
sediment yield and the annual gross erosion has often been expressed as
the sediment delivery ratio. The greater this sediment delivery ratio
(D.R.) for any given watershed, the greater is the sediment yield and the
less is the amount of eroded material deposited within the watershed.
The delivery of materials from point of origin (e.g. the field surface)
to the stream is highly variable.
The
objective
of
this
chapter
is
to
present
and
discuss
sediment
delivery
ratios
for
the
eleven
agricultural
watersheds
in
Southern
Ontario
and
for
some
selected
subwatersheds
in
AG-h
and
AG-S.
Information
from
the
previous
two
chapters
on
erosion
losses
(Chapter
3)
and
on
measured
suspended
sediment
loads
(Chapter
4)
has
been
used
for
the
computation
of
l976
and
average
annual
delivery
ratios.
Monthly
and
seasonal
delivery
ratios
are
also
investigated.
Computed
watershed
delivery
ratios
are
compared
with
published
delivery
ratios
based
on
drainage
basin
size.
Both
computed
and
published
delivery
ratios
are
used
in
Chapter
6
for
sediment
load
prediction
purposes.
5.2 Data Collection Methods
Watershed
sediment
delivery
ratios
can
be
expressed
by
the
relationship;
Delivery_ratio
(D.R.)
=
Sediment
load/Gross
erosion
Gross
erosion
is
the
sum
of
all
different
sources
of
erosion
taking
place
in
the
watershed
and
may
include
sheet
and
rill
erosion,
gully
erosion,
streambank
erosion,
roadside
erosion
and
flood
plain
scour.
It
has
been
indicated
previously
in
Chapter
4
that
the
two
major
sources
of
erosion
producing
sediments
into
the
stream
system
of
the
eleven
agricultural
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watersheds
are
sheet
and
rill
erosion
and
streambank
erosion.
Consequently,
these
sources
of
erosion
have
been
considered
to
be
the
gross
erosion
components
for
sediment
delivery
ratio
computations.
Watershed
delivery
ratio
computations
were
initially
performed
for
the
year
1976,
since
only
one
year
of
reliable
measured
suspended
sediment
loads
was
available.
Sediment
loads
derived
by
the
Naquadat
Method
of
computation
were
used
in
this
and
subsequent
delivery
ratio
computations.
Sheet
and
rill
erosion
values
for
1976
(from
Chapter
3)
and
streambank
erosion
estimates
for
the
agricultural
watersheds
(Knap,
1978;
Table
7,
Chapter
A)
have
been
used
to
estimate
delivery
ratios
by
means
of
the relationships:
1976
D.R.
=
(1976
Sediment
load
—
Streambank
erosion)/1976
Sheet
and rill erosion.
Streambank
erosion
estimates
have
been
based
on
the
assumption
that
the
fine
fraction
(%
silt
+
%
clay)
of
the
eroded
material
has
been
transported
by
the
stream,
which
in
fact
represents
the
net
streambank
contribution.
There-
fore,
this
streambank
erosion
value
has
been
subtracted
from
the
1976
sedi—
ment load.
In
addition
to
net
streambank
erosion
estimates,
total
stream-
bank
erosion
values
are
available
(Knap,
1978;
Table
7,
Chapter
2).
To-
gether
with
the
1976
sheet
and
rill
erosion
source,
these
values
represent
the
gross
erosion
component.
With
this
second
approach,
1976
watershed
sediment
delivery
ratios
have
been
computed
by
the
following
equation:
1976
D.R.
=
1976
Sediment
Load
/1976
Sheet
and
rill
erosion
+
Total
streambank
erosion)
At
a
later
stage
during
this
investigation,
2
years
of
sediment
load
(
N
a
q
ua
d
a
t
Method)
b
e
c
a
m
e
a
V
a
i
l
a
b
l
e
(
A
p
p
e
n
d
i
x
6).
In
addition
to
this
information,
a
ve
r
a
g
e
annual
sheet
and
rill
erosion
losses
(
C
h
a
p
t
e
r
3)
and
total
s
t
r
e
a
m
b
a
n
k
e
r
o
s
i
o
n
e
s
t
i
m
a
t
e
s
w
e
r
e
u
s
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m
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t
e
a
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r
a
g
e
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n
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l
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t
e
r
s
h
e
d
d
e
l
i
ve
r
y
ratios
for
the
11
agricultural
wa
t
e
r
s
h
e
d
s
by
the
follow-
ing equation:
A
v
e
r
a
g
e
annual
D.R.
=
M
e
a
n
sediment
load
[Average
annual
sheet
and
rill
e
r
o
s
i
o
n
+
Total
s
t
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e
a
m
b
a
n
k
erosion)
T
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l
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tations. The equation used is of the form:
197
6 M
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hly
D.R
. =
197
6 M
ont
hly
sed
ime
nt
loa
d/1
976
Mon
thl
y
sheet and rill erosion
Monthly D.R. have been further analysed for seasonal trends.
Since the agricultural watersheds are all small in comparison to
other PLUARG watersheds and since they are essentially free of lakes, dams
and other impoundments, it is reasonable to assume that delivery of con-
servative materials through the watershed stream systems is relatively
complete (e.g. DeliVery ratio = 1). In other words, materials entering the
stream system are assumed to be transported in full through the watershed.
5.3 Experimental Results
 
Results of the sediment delivery ratio computations for the ll
agricultural watersheds by three different approaches are presented in
Table 8, column A, B and C. In most cases, small differences in delivery
ratios are found between the three methods of computations. Relatively low
delivery ratios (0-10%) have been determined for AG-3, AG-E, AG-6, AG-7,
AG-ll, AG-13 and AG—lh watersheds. Medium delivery ratios (ll-20%) are
shown for AG-l, AG-2 and AG-h watersheds and the only basin with a relative
high delivery ratio (>20%) is AG-lO. No notable differences are observed
between A and B methods of computation.
Published delivery ratios from two sources are also presented in
Table 8 for comparison purposes. Column D represents D.R. based on drainage
basin size. This method is extensively used by the United States S.C.$.
(1971), but originally developed by Roehl (1962). These published D.R. have
been further modified according to the predominant soil materials in the
watershed (S.C.S., 1973b). The latter set of published D.R. is shown in
column E of Table 8. For most of the watersheds, D.R. of column D are
higher than any of the computed ones, except for basins AG-Z, AG-h and AG-lO.
The range of these published D.R. based on drainage basin size is smallest
(lh-l9%), but the ones modified for soil textures (column E) have the largest
range (7-38%) for between watersheds.
Results of D.R. computations for some subbasins of AG-h and AG-S
are presented below:
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Table 8: Results of Sediment Delivery Ratio Computation Using Different Methods
of Computation and Published Delivery Ratios (%)
 
Watershed
Computed
Published
A B C D E
AG-1
9
11
13
16
30
AG-2
13
14
15
14
7
AG-3
1.7
1.9
h
15
20
AG-h
11
14
21
19
23
AG-S
1.4
1.9
7
18
21
AG-6
1.3
1.5
1.6
15
19
AG-7
0.6
1.0
195
15
9
AG-lO
21
21
26
18
37
AG-ll
---
0.4
5
18
38
AG-13
2.4
3
3
19
10
AG-1L1
2.0
L1
10
16
30
Range
0.6-21
0.4-21
1.5-26
19-19
7-38
A:
D.R.
=
1976
sediment
load,(Naquadat
Method
-
Net
streambank
erosion)/
1976 Sheet and rill erosion
3-
D.R.
=
(3976
Sediment
Load,
Naquadat
MethodLIO976$heetand
rill
erosion
+
Total
streambank
erosion)
C:
D.R.
=
2
year
mean
sediment
load,
Naquadat
Method/(Average
annual
sheet
and
rill
erosion
+
Total
streambank
erosion)
D:
S.C.S.
(1971)
Based
on
drainage
basin
size
E:
S.C.S.
(1973)
Based
on
drainage
basin
size,
modified
for
soil
texture
37
 Area Delivery Ratio (%)
  
Subbasin
(kmz)
Computed
Published (8.0.5., 1973)
w
2.7
#3
29
AG-h
w
25.6
21
19
H 7.4 9 23
AG-S
H
7.4
10
23
Results of monthly D.R. computed for AG-l, AG-3,_AG-h, AG-S, AG-lO
and AG-13 and for some subbasins of AG-h and AG-S watersheds are presented
in Table 9. Delivery of sediments to the streams is highest during the
spring period (January-April).
5.4 Data Analysis, Interpretation and Conclusions
Results of the sediment D.R. computations have indiCated no notable
differences between methods A and B, based on 1976 data (Table 8). The D.R.
based on 2 years of sediment load data (method C) are consistently higher
than the 1976 values.
Differences between 1976 and the 2 year average D.R.
values however, are small for most watersheds. These differences are caused
by factors such as:
(a) lower average 2 year annual soil losses compared with the
1976 soil loss Values (Table 3, Chapter 3) and (b)
lower
average sediment loads compared with the 1976 sediment load
data.
The
latter
is
a
less
significant
factor.
In most basins, streambank erosion contributes little to the
delivery
ratio
computations
by
the
three methods,
since
it
represents a
relatively
small
proportion
of
the
total
sediment
load
(Table
7,
Chapter
2).
Exceptions
to
this
observation
are
evident
in
AG-lO
and
AG-h
watersheds,
where
22
and
33%
respectively
of
the 1976
sediment
load
have
been
attributed
to
net
streambank
erosion
(Table
7,
Chapter
2).
The
reason
for
very
low
1976
D.R.
values
in
AG—S
(1.h%)
is
the
very
high
potential
sheet
and
rill
erosion
losses
for
this
year
(2h
ton/ha),
compared
with
a
long-term
aVerage
soil
loss
of
3.7
ton/ha/yr.
Hence,
the
higher
long-term
D.R.
of
7%.
The
same
reasons
are
offered
for
the
higher
average
D.R.
in
AG-B
and
AG-lh
(column
C),
of
all
the
watersheds,
the
highest
D.R.
values
computed
by
all
3
methods
occur
for
AG-lO
(>20%).
These
values
are
probably
the
result
of
relative
low
sheet
and
rill
erosion
losses
during
1976
(1746
kg/ha)
and
low
long-term
annual
losses
(1055
kg/ha)
relative
to
suspended
sediment
loads
of
375
kg/ha
for
1976
and
a
2
year
load
of
290
kg/ha/yr.
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 Tab1e9:
Monthly
sediment
delivery
ratios
for
1976
in
6
agricultural
watersheds
(Z)
 
3
9
MONTH
AG-ll
AG—31
AG—4l
AG—Sl
AG—lOl
AG—13l
W
W
H
H
JANUARY
0.8
1
0.4
1
12
2
0
5
0
0
FEBRUARY
114
6
7
7
92
7
0
26
0
1
MARCH
5
5
80
1
29
6
1402
574
91
163
APRIL
1
4
3
0.2
42
5
90
86
1
2
MAY
1
0.6
4'
0.5
39
2
0
7
1
1
JUNE
1
0.03
0.4
0.03
0.1
0.3
0
1
0
0
JULY
2
1
2
2
3
0.03
0
1
9
19
AUGUST
0
1
0
2
3
0
0
0
39
26
SEPTEMBER
0.01
0.04
1
0.04
1
0.04
0
1
1
1
OCTOBER
0.01
0.2
6
0.1
4
0.2
0
2
o
0
NOVEMBER
0
0
0
4
0
0.1
0
2
1
1
DECEMBER
0
0
0
0
6
0
O
0
0
1
YEAR
(1976)
9
1.7
11
1.4
21
2.4
43
21
9
10
1D.R'
=
1976
Sediment
load
(Naquadat
method,
Appendix
Ql_x
100
1976
Sheet
and
rill
erosion
losses
(Chapter
1)
2
1976
Sediment
load
(Integration
method,
Appendix
4)
1976
Sheet
and
rill
erosion
losses
(Chapter
1)
X
100
 Since the computations of average annual watershed sediment
deliVery ratios (column C) are based on more substantial data than the l976
D.R., the former D.R. are preferred. However, limitations of using only
2 years of measured suspended sediment load data for D.R. computations
should be recognized. Single year delivery ratios (e.g. l976) can be highly
variable and can deviate significantly from average annual D.R. (Table 8).
Hence, they are not useful forsediment load prediction purposes.
Published D.R. in column D of Table 8 were originally computed for
many drainage basins in the south-east part of the United States in 5 major
physiographic areas (Roehl, l962). The D.R. were plotted as a function of
drainage area, decreasing slightly with increasing drainage area (Roehl, 1962).
For most of the agricultural watersheds, published D.R. in column D are
higher than the long-term computed ones in column C, except for AG-Z, AG-#
and AG-lO.
Published D.R. are about an order of magnitude higher (l5%) for
AG-6 and AG-7 compared with computed average annual D.R. of l.6 and l.5%
respectively.
Delivery ratios of column D, modified for soil texture
(column E), cause even larger differences between computed and published
D.R. except for basins with sandy soils, like AG-Z, AG-7 and AG-l3.
The computed average annual watershed sediment D.R. (column C),
the line of best fit,
and the line representing published D.R.
(column D;
S.C.S.,
l97l), are presented graphically
in Figure
l0 as a function of
drainage area.
D.R.
for subbasins of AG-h and AG-S are also included
in
this figure.
The apparent
trend has been
reported several
times
for basins of
similar size in the U.S.
(Roehl,
l962;
Spaberry §£_al,
l960).
The wide
scatter
of
data
points
is expected
for
basins
with
variable
soils,
topography
and cropping practices,
located in different climatic regions of southern
Ontario.
Hence,
the
low R
value
of
0.26
for
the equation
of
the
best
fitting
line.
Monthly
delivery
ratios
of Table
9
indicate
highest
D.R.
during
the
spring
period,
in particular
during
the months
of
February,
Marchand
April.
D.R.
exceeding
l00%
are
not
uncommon
during
this
period,
since
in addition
to
sheet
and
rill
erosion,
other sources
of
sediment
reaching
the
stream
system
may
be
present.
For
example,
it
has
been
determined
that
streambank
erosion
is highest
during
the same
period
(Knap,
l978).
D.R.
during
the
summer
and
fall
periods
are
insignificant
compared
with
the
spring
period.
On
the basis of
all
soil
erosion
and
suspended
sediment
findings
in
the
detailed
studies,
a
qualitative
picture
has
been
developed
for
comparison
of
the
ll
agricultural
watersheds
(Table
l0).
For
this
purpose,
four
watershed
parameters
have
been categorized
into a high,
medium
and
low category. These parameters are:
(a)
Average
annual
potential
soil
losses
(Table
3,
Chapter
3);
(b)
Mean
stream
sediment
loads,
Naquadat
Method
(Table
8,
Chapter
A);
(c)
Computed
delivery
ratios
(Table
8,
column
C,
Chapter
5);
(d)
Buffering
capacity
of
the
streams
(field
observations).
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 The
past
parameter
refers
to
the
effectiveness
of
vegetation
(or
the
lack
of
it)
adjacent
to
the
streambanks
for
trapping
sediments
in
surface
runoff
before reaching the stream system.
Some
interesting
observations
can
be
made
from
this
table.
Most
basins
with
a
low
delivery
ratio
(AG-3,
AG-S,
AG-6,
AG-7,
AG-ll,
AG-lh)
have
a
high
buffering
capacity,
except
for
AG-l3
which
has
a
medium
buffering
capacity.
It
appears
that
buffering
can
significantly
affect
the
watershed
delivery
ratio.
Even
with
a
high
or
medium
average
annual
soil
loss,
stream
sediment
levels
are
found
to
be
low
when
the
basin
has
a
high
capacity
to
buffer
sediment
before
reaching
the
stream
system
(AG-6,AG-7,
AG-ll).
Relatively
high
sediment
loads
are
observed
for
those
watersheds
which
exhibit
low
buffering
capacity
(AG-l,
AG-h).
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Table
10:
The
Relationship
of
StreamBuffering
to
Soil
Erosion
Losses
 
WATERSHED
AVERAGE
ANNUALl
MEAN
SEDIMENT2
DELIVERY
3
BUFFERINGH
SOIL
LOSS
LOAD
RATIO
CAPACITY
ADJACENT TO
STREAMS
AG-1
High
High
Medium
L
AG-Z
Low
Low
Medium
H
AG-3
Medium
Medium
Low
H
AG-h
Low
Medium
High
L
AG-5
Medium
Medium
Low
H
AG-6
Medium
Low
Low
H
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Low
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H
AG-10
Low
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 6.0 PREDICTION OF STREAM SEDIMENT LOADS
6.1 Introduction
The
objectives
of
this
chapter
on
suspended
sediment
load
pre-
dictions are twofold:
— to present
results of
the application of existing methods and
models
for
sediment
load
prediction
in
agricultural
watersheds
in Southern Ontario, and
—
to
compare
predicted
sediment
loads
with
measured
sediment
loads.
The
study
approach
has
involved
the
use
of
three
existing
models
for
sediment
load
prediction.
The
models,
which
originated
in
the
United
States,
have
been
modified
for
local
conditions
in
Ontario.
The
SEDEL
Model
(S.C.S.,
1975)
has
been
used
to
predict
sediment
loads
in
subbasins
and
the
entire
basins
of
AG-4
and
AG-S
watersheds.
This
computerized
model,
which
can
be
used
for
drainage
areas
of
any
size,
does
not
require
extensive
data
inputs.
Hence,
it
is
easy
to
understand
and
to
apply.
The
second
model,
mathematically
more
sophisticated
than
the
previous
one,
is
the
Sediment
Transport
Computer
Model
(Kling
and
Olson,
l97h).
The
model
has
also
been
applied
to
the
subbasins
and
entire
basins
of
AG-h
and
AG~5
watersheds.
This
detailed
model
considers
sediment
routing
over
the
landscape
into
the
stream
system.
In
addition
to
sediment
predic-
tion,
the
model
can
be
used
for
identifying
sediment
producing
areas.
In
Chapter
8,
the
same
model
is
used
for
evaluating
the
effects
of
simulated
land
use
changes
on
sediment
loads
in
AG-h
and
AG-S
watersheds.
Due
to
the
detailed
data
input
required,
this
model
is
time
consuming
and
expensive
in computer time.
The
simplest
approach
for
sediment
load
prediction
uses
published
sediment
delivery
ratios
and
gross
erosion
values
computed
with
the
univer-
sal
soil
loss
equation.
This
method
has
been
applied
to
the
ll
agricult-
ural watersheds.
Mean
measured
sediment
loads
(Naquadat
Method;
Chapter
A)
for
the
study
watersheds
have
been
used
to
eValuate
the
models.
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 Finally,
the models
have
been
assessed
as
a
basis
for
the
extra-
polation
of
sediment
load
information
to other
areas
in
the
Canadian
Great
- Lakes Drainage Basin.
6.2 SEDEL Model
6.2.] Background
The SEDEL
(or Sediment gelivery)
model
was
originally
developed
by
the
Soil
Conservation
Service
of
the
U.S.D.A.
as
a
procedure
for
developing
sediment
storage
requirements
for
reservoirs
(S.C.S.,
1975).
The
model
was
developed
for
use
on
drainage
basins
of any size and may be expressed:
Y =E (DR)
where: Y = Sediment yield,
E = Gross erosion, and
DR = Sediment delivery ratio.
The
gross
or
total
erosion
in
a
drainage
basin
is
the
E
summation
of all
water
erosion
occurring
in
the watershed.
It
includes
sheet
and
rill
erosion
and
channel-type
erosion
(gullies,
valley
trenches,
streambank
erosion,
etc).
The
sediment
delivery
ratio,
which
is
the
proportion
of
gross
erosion
that
is
transported
into
i
the
streams
after
deposition
of
the
eroded
material
has
been
accounted
'
for,
is
derived
from
a
curve
depicting
its
relationship
with
drainage
basin
size.
This
curve,
originally
developed
by
Roehl
(l962)
has
been
extensively
used
by
the
United
States
Soil
Conservation
Service
(S.C.S.,
l97l).
The
product
of
gross
erosion
and
sediment
delivery
ratio
provides
the
predicted
sediment
yield.
6.2.2 Data Collection Methods
The
Universal
Soil
Loss
Equation
is
used
to
predict
average
yearly
sheet
and
rill
erosion
losses
from
agricultural
lands
for
use
in
the
SEDEL
Model.
Since
the
model
employs
generalized
values
for
the
different
factors
in
the
U.S.L.E.
for
each
land
use
or
cropping-
management
category,
the
greatest
precision
is
obtained
when
the
model
is
applied
to
small
drainage
areas.
Consequently
drainage
basins
are
often
subdivided
into
subbasins
to
allow
for
a
more
detailed
data
input.
When
information
on
other
sources
of
erosion
are
not
available
“
(such
as
in
this
study)
the
gross
erosion
term
in
the
model
equals
average
yearly
sheet
and
rill
erosion
losses.
 
The agricultural
watershed data have been analyzed by
electronic
computer
using
the
SEDEL
computer
program
made
available
by
the
Soil
Conservation
Service
in
Hyattsville,
Maryland.
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 The SEDEL Model has been tested for the 5 subbasins of AG—4
Canagagigue Creek (Figures llA, llB) and the universal soil loss equation
has already been described in Chapter l. Average values have been used
far the K, L and S factors for each land use category (crop-rotation)
encountered in the subbasins.
Based on subbasin size, a sedimentdelivery
ratio has been obtained for each subbasin and for the entire watershed
from the sediment delivery ratio-drainage area curve (S.C.S., l97l).
6.2.3. Experimental Results
Results of applying the SEDEL Model to AG-4 and AG-S watersheds
are presented in Tables ll and l2 respectively.
Average yearly gross
erosion values, delivery ratios, predicted and measured sediment loads
are shown in these two tables.
Delivery ratios for AG-4 range from 20-29% and for AG-S from
l7—3l%. Predicted unit area loadings range from 456 to l053 kg/ha/yr
for AG-4.
For AG-S, this range is much larger, from 73 to 3267 kg/ha/yr.
6.2.4 Data Analysis, Interpretation and Conclusions
Certain shortcomings of the SEDEL Model approach to sediment
load prediction, mainly with respect to delivery ratios,
have been
discussed by Boyce
(l975).
In spite of these shortcomings, the
results
indicate that
the model
is successful
in predicting watershed
sediment
load for AG-4 (456 kg/ha/yr) when compared with a 2 year measured load
of 475 kg/ha/yr (Table ll).
The delivery ratio of 20% obtained from
the-curve (Roehl,
l962)
and a computed “long-term“ watershed delivery
ratio
of
2l%
(Table
8,
Chapter
3)
are
in
very
close
agreement.
For
AG-S,
however,
the
watershed
delivery
ratio
obtained
from
the
curve
(l7%)
used
in
the
model
is
more
than
twice
as
high
as
a
computed
“long-terﬁ'
delivery
ratio
of
7%
(Table
8,
Chapter
5).
This
difference
results
in
a
high
predicted
sediment
load
(737
kg/ha/yr)
as
compared
with
a measured
load
of
279
kg/ha/yr.
If
the
computed
delivery ratio
of
7%
is
used,
sediment
prediction
for
AG-S
amounts
to
303
kg/ha/yr,
which
is
very
close
to
the
measured
value
of
279
kg/ha/yr.
These
results
suggest
that
a
delivery
ratio
purely
based
on
drainage
basin
size
(Roehl,
1962)
is
not
always
a
realistic
ratio
for
agricultural
basins
of
this
area
(Chapter
4).
While
there
may
be
many
explanations for
the
above
results,
one
factor
that
has
been
observed
to
be
an
important
aspect
in
the
transport
of
sediments
fnom
the
land
base
into
the
stream
system
is
the
sediment
buffering
capacity
of
permanent
vegetation
strips
along
streams.
This
factor
has
not
been
considered
in
the
published
delivery
ratio
curve
(Roehl,
l962).
As
has
been
discussed
earlier,
in
Chapter
2,
the
buffering
capacity
in
AG-5
is
much
higher
than
in
AG-4
and
this
capacity
is
clearly
reflected
in
the
lower
computed
delivery
ratio
value of 7% for AG-S.
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Figure
113:
Location of Subbasins in AG-l+ (Canagagigue Creek) Watershed
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 Table
11:
The
prediction
of
stream
sediment
loads
in
AG-h
(Canagagigue
Creek)
with
the
SEDEL
Model
‘
-
'
SEDIMENT
LOAD
SUBBASIN
DRAINAGE
AREA
GROSS
EROSION
DELIVERY
RATIO
PREDICTED
MEASURED
(ha)
(ton/ha/yr)
(%)
(ton/ha/yr)
(ton/ha/yr)
1
267
2.345
29
0.602
-
2
409
3.023
26
0.785
-
3
369
1.765
27
0.478
-
4
709
4.387
24
1.053
-
5
267
2.566
29
0.743
0.8951
A's—4
2021
2.279
20
0.456
0.4752
1Measured
suspended
sediment
load
(1976),
computed
by
“Integration”
Method
2Measured
suspended
sediment
load
(2
year
mean;
May
1,
1975
-
April
30,
1977)
COmPUted
by
“Naquadat”
Method
(Appendix
A)
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SUBBASIN
ADRAINAGE
AREA
(
h
a
)
2
7
3
A
6
3
1
9
7
5
4
k
3
3
2
3
4
2
#
3
7
3A3
ASEDIMENT LOAD
GROSS
EROSION
DELIVERY
RATIO
PREDICTED
MEASURED
(ton/ha/yr)
_
%
(ton/ha/yr)
(ton/ha/yr)
3.237
29
0.937
0
9
3
2
9
1
30050
26
0.792
3.388
31
1.051:::]
6.212
25
10553
7.286
28
2.0h0
-
003
661
11.669
28
3.267
-
u°47u
26
10164
-
3.503
28
- 00980
-_
A
G
-
5
2
9
3
1
4.330
17
0.737
0.2792
1Measured
suspended
sediment
load
(1976),
computed
by
“Integration”
Method
2Measured
suspended
sediment
load
(2
year
mean;
May
1,
1975
-
April
30,
1977)
computed
by
l'Naquadat”
Method
(Appendix
A)
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A
similar
pattern
is
observed
for
some
of
the
subbasins
of
AG-h
and
AG-S
for
which
measured
sediment
loadings
are
available.
For
AG-S,
subbasins
l~2
and
3-h
should
be
combined
when
comparing
predicted
values
with
measured
values.
indeed,
when
the
lower
computed
delivery
ratios
for
these
subbasins
are
used
(Chapter
5)
instead
of
published
ratios
(Table
ll
and
l2),
predicted
sediment
loads
are
much
closer
to
the
l976
measured
sediment
loads.
In
conclusion,
the
SEDEL
Model
can
be
used
successfully
as
a
method
for
predicting
stream
sediment
loads
for
small
agricultural
watersheds
in
southern
Ontario,
if
locally
developed
delivery
ratios
are
used
instead
of
published
U.S.
ratios.
The
accuracy
of
the
model
to
predict
sediment
loadings
for
large
river
basins
in
Ontario
has
not
been ascertained.
Sediment
Transport
Computer
Model
6.3.l Background
The
Sediment
Transport
Computer
Model
has
been
developed
by
Kling
and
Olson
(l97h)
to
predict
long-term
average
yearly
amounts
of
suspended
sediment
from
a
drainage
area.
The
basic
framework
for
the
model
is
provided
by
the
Universal
Soil
Loss
Equation
(Wischmeier
and
Smith,
l965),
used
to
compute
potential
gross
soil
losses
from
different
land
uses.
The
complete
methodology
is
presented
and
a
brief
outline
of
the
approach
is
given
below.
The
drainage
area
is
subdivided
into
numerous
cells
or
landscape
segments
using
a
grid
system
which
adequately
represents
land
units
that
control
the
movement
of
sediment.
it
is
assumed
that
each
cell
drains
either
entirely
into
only
one
of
the
surrounding
eight
cells
or
into
a
defined
stream.
Data
input,
data
processing
and
results
of
the
model
are
all
based
on
this
cell
by
cell
approach.
A
transport
factor
(T),
very
similar
to
a
sediment
delivery
ratio,
is
incorporated
into
the
model
to
account
for
the
intervening
deposition
of
sediment
between
the
initial
point
of
soil
detachment
and
the
final
sediment
yield
into
a
stream.
T
is
expressed
as
the
percentage
of
eroded
material
that
will
be
carried
across
a
cell
from
the
cell
upslope
and
assumes
values
0<T<l.0.
T
is
calculated
for
each
change
in
slope
steepness
from
cell
to
cell,
according
to
the
following
equations
for
two
adjoining
cells
(J,
lh)
and
(L,
lh):
if
slope
cell
(J,
lh)<
slope
cell
(L,
lh),
then:
T
=
cell
(J,
l4)
/
cell
(L,
lh)
but
if
slope
cell
(J,
lh)
>slope
cell
(L,
l4)
then: T = l.0
where:
cell
(J,
l4)
=
slope
factor
of
immediate
cell
and
cell
(L,
IQ)
=
slope
factor
of
adjacent
upslope
cell
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An ephemeral drainage network system is deVeloped for com-
bining the cell to cell routing of eroded material across the land-
scape to the point (end-cell) where it arrives at a
defined drainage
channel or stream. As soon as sediment enters the stream system, the
model assumesT = 1.0.
This means that the summation of all the amounts
of sediment entering the streams at different locations is equal to the
total
amount
of
sediments
leaving
the
drainage area.
Gross
erosion
is calculated
for
each cell
after
the cell
to cell
routing of the eroded material
has been established.
The net
erosion
is
an
estimate
of
sediment
yield
from an
area
or
ephemeral
drainage
net
(group
of cells)
to
the
stream.
Net
erosion
is calculated
for each
ephemeral
drainage
net
sequentially
downslope
by accumulating
the
sum
ofgross
erosion
or
the product
of
gross
erosion
times
the
respective transport factor.
The following equation is an example of
this
calculation
at
a
point
J
in
an
ephemeral
drainage
net
(Kling
and Olson, 197A):
Net
erosion
=(Gross
erosion
+
“T”)
X
Net
erosion
(cell
J)
(cell
J)
(cell
J,J+l)
(cell
J
+
1)
Total
net
erosion
of
the
drainage
area
is
calculated
by
summing
the
net
erosion
Values
from
all
ephemeral
drainage
nets.
The
partial
effect
is
a
value
which
approximates
the
actual
net
yield
that
is
transported
to
the
stream
from
each
cell.
It
is
the
proportion
of
the
gross
erosion
that
reaches
the
streams
after
deposition
of
sediment
during
overland
flow
has
been
accounted
for.
A
mapping
program,
incorporated
into
the
model,
can
produce
maps
that
show
on
a
cell
by
cell
basis
the
spatial
distribution
of
different
preselected
sediment
load
categories.
By
this
method,
erosion
areas
within
a
watershed
can
easily
be
located
and
identified
on
the
map,
e.g.
areas
with
high
sediment outputs.
The
model
also
provides
a
method
for
evaluating
the
effects
of
changes
in
land
use
and
cultivation
practices
on
sediment
losses,
which
will
be
discussed
in
Chapter
8.
6.3.2
Data
Collection
Methods
Sediment
Load
Prediction
The
model
has
been
used
to
predict
average
yearly
sediment
yields
in
two
detailed
study
watersheds:
AG-h
Canagagigue
Creek
and
AG-5
Holiday
Creek.
The
basic
input
data
for
the
model
have
been
obtained
from
four
map
sources:
- topographic maps;
-
soil
maps
(Acton,
1978);
-
land
use
maps
(Chapter
3);
-
drainage
maps
(from
field
observations).
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All
maps
have
been
redrawn
to
a
common
mapping
scale
of
l:l5,840
(4”
-
1 mile).
A
%
inch
(l2.5
nm)
cell
grid
has
been
superimposed
over
the
maps,
so
that
each
cell
is
4
ha
(10
acres)
in
size
at
the
l:l5,840
map
scale.
For
each
cell,
the
following
information
has
been recorded:
- cell identification number;
-
subbasin
number
(Figure
ll
and
l2);
-
soil
erodibility
“K”
values
for
each
soil
type;
-
slope
length
''L”
measured
on
topographic
maps
from
the
centre
of
each
cell
downslope
to
boundary
of
first
mapped slope change;
-
slope
gradient
“5”
of
the
soil
mapping
units;
-
cropping-management
factor
“C”
for
different
land
uses;
- distance from channel or stream;
-
drainage
vector,
indicating
in
what
down-slope
cell
the
up-slope
cell
drains,
determined
by
a
combination
of
drainage
maps,
topographic
maps
and
detailed
information
on
contributing
areas
(Chapter
5).
Long-tenn
average
yearly
rainfall
“R”
factors
for
both
watersheds
have
been
determined
fran
the
R-factor
map
for
southern
Ontario
(Figure
2).
To
verify
the
model
results,
measured
sediment
loads
for
a
2
year
period
(Naquadat)
have
been
used
for
AG-h
and
AG-S
basins.
Sediment Mapping
Data
input
for
the
sediment
mapping
program
has
consisted
of
results
of
the
final
analysis
of
the
Sediment
Transport
Computer
Model
using
a
modified
T-factor.
The
model
has
been
programmed
to
punch
data
cards
for
use
in
the
mapping
routine
with
the
following
infonnation:
- cell identification
- gross erosion
~ net erosion and
-
partial
effects.
The
net
sediment
load
of
each
cell
is
classified
in
one
of the
following
sediment
producing
classes:
0,
0-h,
h-8,
8-l6,
lé-Zh,
24-32,
32-h0,
40
ton.
By
assigning
each
erosion
class
a
symbol,
a
map
showing
the
spatial
distribution
of
net
sediment
loads
is
generated
by
the
Computer
Model.
6.3.3.
Experimental
Results
Sediment Load Prediction
 
In
order
to
have
the
Sediment
Transport
Computer
Model
successfully
operated
at
other
facilities
using
data
from
a
different
geographic
area,
a
number of
test
runs
haVe been
necessary,
resulting
in
modifications
and
adjustments
of
some
factors
in
the
model
 Fi gura 1'2A:
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F
i
g
u
r
e
1
2
3
:
L
o
c
a
t
i
o
n
o
f
S
u
b
b
a
s
Watershed
l
 (e.g.
rainfall,
“C”
values,
slope).
The
model
has
been
used
for
sediment
yield
prediction
for
subbasins
of
AG—h
and
AG-S
watersheds
with
the
results
presented
in
Table
l3
and
l4.
Location
of
subbasins
is
depicted
in Figures ll and l2.
Both
Tables
l3
and
lh
indicate
high
predicted
sediment
loads
compared
with
the
measured
loads.
In
other
words
the
total
amount
of
sediment
entering
the
stream
system,
expressed
as
a
percentage
of
gross
erosion,
indicates
average
T-values
(or:
watershed
delivery
ratios)
of
75%
and
46%
for
AG-h
and
AG-S
respectively.
For
basins
of
this
size
(20-30
km
)
these
delivery
ratios
are
considered
too
high
compared
with
either
delivery
ratios
reported
in
the
literature
(Roehl,
l962)
or
with
computed
delivery
ratios
(Chapter
5).
A
close
look
at
the
data
reveal
that
the
transport
factor"T'
has
been
estimated
to
be
too
high.
Such
estimation
has
been
repeatedly
caused
by
either
a
minimum
or
a
lack
of
slope
variation
when
the
eroded
material
moves
overland
fran
cell
to
cell.
Indeed,
for
both
watersheds,
the
majority
of
the
land
slopes
have
been mapped
in
the
0.5
-
2%
and
2
-
5%
classes
(Acton,
l978).
Also,
a
lack
of
variation
in
slope
is
reported
by
Kling
and
Olson
(l97h)
as
one
of
the
reasons
the
model
over-estimates
measured
sediment
yield
for
a
drainage
basin
with
less
distinct
tOpography
than
the
area
for
which
the
model
has
been
developed.
To
eliminate
this
problem,
a
modified
T,
developed
by
the
original
authors,
can
be
generated.
This
modification
is
based
on
a
distance
function
whenever
slope
gradients
of
two
adjacent
cells
in
the
ephemeral
drainage
networks
are
the
same.
For
these
conditions,
T
is
set
equal
to
an
inverse
function
of
the
cell
distance
from
a
defined
drainage
channel.
Results
of
the
model
with
the
modified
T-factor
are
also
presented
in
Table
13
and
l4.
It
is
obvious
from
these
Tables
that
compared
with
the
T
factor
based
purely
on
slope,
the
modified
T
results
in
large
reductions
in
the
predicted
sediment
loads
for
AG-h
and
AG-5,
(5l%
and
66%
respectively).
Available
measured
sediment
loads
are
also
presented
in
Tables
l3
and
lh.
Sediment Mapping
Computer
mapping
results
of
eight
categories
of
partial
effects
(net
sediment
yield
transported
to
the
stream
from
each
cell)
for
AG-h
and
AG-5
are
presented
in
Figures
l3
and
IA.
From
these
figures,
the
proportion
of
total
watershed
area
for
each
category
has
been
determined
and
is
expressed
as
a
percentage.
The
distribution
is
graphically
summarized
in
Figures
l5
and
l6.
Since
the
total
amount
of
sediment
output
from
the
entire
basins
AG-h
and
AG-5
can
be
predicted
by
the
model,
the
proportion
of
total
watershed
loading
for
each
sediment
producing
category
can
be
computed.
A
first
approximation
has
been
made
by
multiplying
the
sediment
producing
class
56
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TABLE 13: The Prediction of Stream Sediment Loads in AG-4 (Canagagigue Creek)
With t
he Sed
iment
Transp
ort Co
mputer
Model
_
PREDICTED
SEDIMENT
LOAD
DRAINAGE
AREA
"T" BASED
ON. SLOPE
MODIFIED
"T"
(ha)
‘
(ton/ha/y
r)
(ton/ha/y
r)
 
SUBBASIN
MEASURED
SEDIMENT
LOAD
(ton/ha/yr)
267
1.873
409
1.968
369
2.048
709 ‘ 2.847
267 2.250
0.648
--
0.790
-~
1.206
--
1.437
-”
1.174
H
N
F
)
q
-
m
AG-4
2021
2.320
1.125
1MeaSured suspended sediment load (1976), computed by "Integration" method
2Measured
suspended
sediment
load (2 y
ear mean;
May 1, 19
75 - Apri
l 30, 197
7) comput
ed by"Naq
uadat" me
thod
 TABLE 14: The Prediction of Stream Sediment Loads in AG—5 (Holiday Creek)
With the Sediment Transport Computer Model
PREDICTED SEDIMENT LOAD
SUBBASIN DRAINAGE AREA "T" BASED ON SLOPE MODIFIED "T" MEASURED SEDIMENT LOAD
(ha)
(ton/ha/yr)
(ton/ha/yr)
(ton/ha/yr)
 
300
1.538
0.283
462
1.884
0.739
223
1.619
0.249
539
3.391
1.065
340
2.168
1.081
-—
352
2.372
0.723
--
445
1.885
0.482
-—-
369
3.033
1.245
-—
0.329
0.3
66
H
N
M
Q
’
M
O
N
Q
5
8
AG-S
3030
2.327
0.776
0.279
1Measured suspend
ed sediment load
(1976), computed
by "Integration"
method
2Measu
red su
spende
d sedi
ment l
oad (2
year m
ean; M
ay 1;
1975 -
April
30, 19
77) co
mputed
by "Na
quadat
" meth
od
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midpoints
by
the
corresponding
land
area
for
each
class.
However,
the
sum
of
the
computed
loadings
for
the
eight
classes
is
much
higher
than
the
total
sediment
output
predicted
by
the
model.
Inspection
of
the
data
reveals
that
the
number
of
cells
within
each
category
is
not
normally
distributed,
but
positively
skewed.
To
account
for
this
skewness,
the
class
midpoints
minus
1
have
been
used
to
compute
the
distribution
of
total
watershed
sediment
production.
With
this
adjust-
ment
the
summation
of
computed
loadings
by
category
equals
the
total
predicted
values.
The
percentage
of
the
annual
sediment
load
contribut-
ed
by
each
of
the
eight
sediment
load
class
are
also
depicted
in
Figure
15
and
16
for
AG-4
and
AG-5
respectively.
6.3.4
Data
Analysis,
Interpretation
and
Conclusions
Sediment Load Prediction
On
a
watershed
basis,
Tables
13
and
14
indicate
that
the
Sediment
Transport
Computer
Model
overestimates
measured
sediment
loads
by
137
and
178%
for
AG-4
and
AG-S
respectively.
Several
reasons
for
this
overprediction
by
the
model
are
suggested.
(1)
Sediment
loadings
predicted
by
the
model
are
long-tenn
average
yearly
sediment
values.
Long-term
refers
to
the
rainfall
factor
“R”,
which
represents
an
average
yearly
value
of
at
least
22
years
of
record.
The
long-
term
predicted
sediment
loads
are
then
compared
with
2
years
of
measured
sediment
load
data.
Since
rainfall
amounts
and
intensities
can
be
very
variable
from
year
to
year,
the
l
i
m
i
t
a
t
i
o
n
s
of
this
c
o
m
p
a
r
i
s
o
n
a
r
e
apparent.
(2)
The
size
of
data
acquisition
cells
of
4
ha
(10
acres)
has
been
initially
chosen
to
minimize
variation
wﬁthin
cells
compared
to
Variation
among
cells.
It
is
quite
possible
however,
that
Variability
among
cells
in
AG-4
and
AG-S
watersheds
is
less
than
was
anticipated.
This
has
already
been
observed
with
respect
to
slope,
affect-
ing
the
T-function
in
the
model.
The
original
author
has
indicated
that
selection
of
the
initial
cell
size
is
ve
r
y
critical
to
the
successful
a
p
p
l
i
c
a
t
i
o
n
of
the
model
to
a
watershed
(Kling,
1974).
Time
limitations
have
preVented
experimentation
uﬁth
different
cell
sizes
t
o
i
m
p
r
o
v
e
m
o
d
e
l
r
e
s
u
l
t
s
.
T
h
e
limited
a
m
o
un
t
of
m
e
a
s
ur
e
d
sediment
load
data
in
Ta
b
le
s
13
a
n
d
1
4
i
n
d
i
c
a
t
e
s
t
h
a
t
at
l
e
a
s
t
o
n
a
s
u
b
w
a
t
e
r
s
h
e
d
b
a
s
i
s
,
t
h
e
model
s
e
e
m
s
to
b
e
p
r
e
d
i
c
t
i
n
g
s
e
d
i
m
e
n
t
l
o
a
d
s
b
e
t
t
e
r
t
h
a
n
f
o
r
t
h
e
e
n
t
i
r
e
w
a
t
e
r
-
s
h
e
d
s
.
P
r
e
d
i
c
t
e
d
v
a
l
u
e
s
,
h
o
w
e
V
e
r
,
a
r
e
c
o
n
s
i
s
t
e
n
t
l
y
h
i
g
h
e
r
t
h
a
n
t
h
e
s
i
n
g
l
e
y
e
a
r
o
f
m
e
a
s
u
r
e
d
s
e
d
i
m
e
n
t
l
o
a
d
s
.
63
6
5
Table 15:Cells in proximity to streams for AG—4 Canagagigue Creek
 
SEDIMENT PRODUCINGu TOTAL NUMBER C CELLS DISSECTED BY OR DIRECTLY BORDERING STREAMS
CATEGORY (ton/cell) '
OF CELLS
NUMBER
Z OF CATEGORY TOTAL
 
0- 4 234 30 13
4- 8 149 77 52
8-16
L 79
41
52
16—24 21 17 81
24-32 2 2 100
32—40 0 o 1.00
>40 2 2 100
ALL CELLS > 4
253
139
55
ALL CELLS > 8 ' 104 62 60
ALL CELLS >16 25 21 84
ALL CELLS >24 4 4 100
Each cell has an area of 4ha
 Table
16:
Cells
in
proximity
to
streams
for
AG—S
Holiday
Creek
SEDIMENT
PRODUCING
TOTAL
NUMBER
,
CELLS
DISSECTED
BY
OR
DIRECTLY
BORDERING
STREAMS
CATEGORY
(ton/cell)l
OF
CELLS
NUMBER
Z
OF
CATEGORY
TOTAL
0—
4
535
——
-
4-
8
51
10
20
8—16
45
22
49
16—24
19
12
_ 63
24—32
10
10
100
32-40
3
2
66
>40
10
10
100
a
:
3
6
6
CELLS
>
4
138
66
48
 
ALL
CELLS
>
8
87
56
64
ALL
CELLS
>16
42
34
81
ALL
CELLS
>24
‘
23
22
96
1Each
cell
has
an
area.
of
4ha
 6.4
-
T
h
e
m
o
d
e
l
c
o
n
s
i
s
t
e
n
t
l
y
o
v
e
r
p
r
e
d
i
c
t
s
s
e
d
i
m
e
n
t
l
o
a
d
s
i
n
A
G
-
h
a
n
d
A
G
-
5
w
a
t
e
r
s
h
e
d
s
w
i
t
h
l
i
t
t
l
e
o
r
n
o
c
a
l
i
b
r
a
t
i
o
n
.
O
n
e
o
f
t
h
e
m
a
j
o
r
l
i
m
i
t
a
t
i
o
n
s
o
f
v
a
l
i
d
a
t
i
n
g
l
o
n
g
-
t
e
r
m
p
r
e
d
i
c
t
e
d
m
o
d
e
l
r
e
s
u
l
t
s
i
s
t
h
e
l
o
r
2
y
e
a
r
s
o
f
m
e
a
s
u
r
e
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
o
a
d
s
a
v
a
i
l
a
b
l
e
.
-
I
f
c
e
l
l
s
i
z
e
s
a
r
e
c
a
r
e
f
u
l
l
y
t
u
n
e
d
t
o
p
h
y
s
i
o
g
r
a
p
h
i
c
v
a
r
i
-
a
b
i
l
i
t
y
i
n
t
h
e
w
a
t
e
r
s
h
e
d
f
o
r
w
h
i
c
h
t
h
e
m
o
d
e
l
i
s
b
e
i
n
g
u
s
e
d
,
t
h
e
S
e
d
i
m
e
n
t
T
r
a
n
s
p
o
r
t
C
o
m
p
u
t
e
r
M
o
d
e
l
a
p
p
e
a
r
s
t
o
h
a
v
e
p
o
t
e
n
t
i
a
l
f
o
r
f
u
t
u
r
e
u
s
e
i
n
w
a
t
e
r
s
h
e
d
s
o
f
s
i
m
i
l
a
r
o
r
s
m
a
l
l
-
er sizes.
D
e
s
p
i
t
e
t
h
e
o
v
e
r
p
r
e
d
i
c
t
i
o
n
o
f
s
e
d
i
m
e
n
t
b
y
t
h
e
m
o
d
e
l
,
r
e
l
a
t
i
v
e
c
o
m
p
a
r
i
-
s
o
n
s
o
f
r
e
s
u
l
t
s
o
f
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
a
r
e
v
e
r
y
u
s
e
f
u
l
.
R
e
s
u
l
t
s
indicate that:
-
T
h
e
h
i
g
h
e
r
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
i
n
b
o
t
h
w
a
t
e
r
s
h
e
d
s
(
A
G
-
4
,
A
G
-
S
)
a
r
e
l
o
c
a
t
e
d
c
l
o
s
e
s
t
t
o
t
h
e
s
t
r
e
a
m
s
.
T
h
i
s
o
b
s
e
r
v
a
t
i
o
n
i
s
m
o
r
e
p
r
o
n
o
u
n
c
e
d
i
n
A
G
-
h
t
h
a
n
i
n
A
G
-
S
watershed.
-
H
i
g
h
e
s
t
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
c
a
t
e
g
o
r
i
e
s
(
c
e
l
l
s
>
2
4
t
o
n
/
A
h
a
c
e
l
l
)
a
c
c
o
u
n
t
f
o
r
a
b
o
u
t
3
2
%
o
f
t
h
e
t
o
t
a
l
w
a
t
e
r
s
h
e
d
s
e
d
i
-
m
e
n
t
o
u
t
p
u
t
i
n
A
G
-
5
,
b
u
t
o
n
l
y
f
o
r
5
%
i
n
A
G
-
h
o
T
h
e
s
e
h
i
g
h
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
,
h
o
w
e
V
e
r
,
o
c
c
u
p
y
o
n
l
y
2
%
o
f
t
h
e
t
o
t
a
l
w
a
t
e
r
s
h
e
d
a
r
e
a
i
n
b
o
t
h
A
G
-
h
a
n
d
A
G
-
S
°
U
n
i
v
e
r
s
a
l
S
o
i
l
L
o
s
s
E
q
u
a
t
i
o
n
6
.
#
.
l
B
a
c
k
g
r
o
u
n
d
S
o
m
e
i
n
v
e
s
t
i
g
a
t
o
r
s
h
a
v
e
s
u
c
c
e
s
s
f
u
l
l
y
e
x
p
l
o
r
e
d
t
h
e
p
o
s
s
i
b
i
l
i
t
y
o
f
u
s
i
n
g
t
h
e
U
.
S
.
L
.
E
.
a
n
d
d
e
l
i
v
e
r
y
r
a
t
i
o
s
t
o
p
r
e
d
i
c
t
w
a
t
e
r
s
h
e
d
s
e
d
i
m
e
n
t
y
i
e
l
d
(
T
a
y
l
o
r
,
1
9
7
0
;
W
i
l
l
i
a
m
s
a
n
d
B
e
r
n
d
t
,
1
9
7
2
)
.
W
i
l
l
i
a
m
s
a
n
d
B
e
r
n
d
t
h
a
v
e
e
x
t
e
n
d
e
d
t
h
e
U
.
S
.
L
.
E
.
f
o
r
u
s
e
o
n
w
a
t
e
r
s
h
e
d
s
b
y
m
o
d
i
f
y
i
n
g
t
h
e
s
o
i
l
,
t
o
p
o
g
r
a
p
h
i
c
a
n
d
m
a
n
a
g
e
m
e
n
t
f
a
c
t
o
r
s
.
T
h
i
s
s
i
m
p
l
e
a
p
p
r
o
a
c
h
f
o
r
s
e
d
i
m
e
n
t
l
o
a
d
p
r
e
d
i
c
t
i
o
n
u
s
e
s
d
e
l
i
v
e
r
y
r
a
t
i
o
s
b
a
s
e
d
o
n
e
i
t
h
e
r
c
o
m
p
u
t
e
d
V
a
l
u
e
s
o
r
d
e
r
i
v
e
d
f
r
o
m
t
h
e
p
u
b
l
i
s
h
e
d
d
e
l
i
v
e
r
y
r
a
t
i
o
s
v
e
r
s
u
s
d
r
a
i
n
a
g
e
b
a
s
i
n
s
i
z
e
c
u
r
v
e
(
R
o
e
h
l
,
1
9
6
2
;
S
.
C
.
S
.
,
1
9
7
3
,
1
9
7
3
b
)
.
I
n
t
h
i
s
s
e
c
t
i
o
n
,
a
s
i
m
i
l
a
r
a
p
p
r
o
a
c
h
h
a
s
b
e
e
n
u
s
e
d
t
o
p
r
e
d
i
c
t
s
e
d
i
m
e
n
t
l
o
a
d
s
f
o
r
t
h
e
l
l
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
i
n
S
o
u
t
h
e
r
n
O
n
t
a
r
i
o
.
6
.
h
.
2
D
a
t
a
C
o
l
l
e
c
t
i
o
n
M
e
t
h
o
d
s
T
h
e
m
e
t
h
o
d
f
o
r
p
r
e
d
i
c
t
i
n
g
w
a
t
e
r
s
h
e
d
s
e
d
i
m
e
n
t
y
i
e
l
d
u
s
i
n
g
p
o
t
e
n
t
i
a
l
s
h
e
e
t
e
r
o
s
i
o
n
l
o
s
s
e
s
c
o
m
p
u
t
e
d
b
y
t
h
e
U
.
S
.
L
.
E
.
a
n
d
d
e
l
i
v
e
r
y
r
a
t
i
o
s
i
s
c
o
m
p
a
r
a
b
l
e
w
i
t
h
t
h
e
a
p
p
r
o
a
c
h
t
a
k
e
n
f
o
r
t
h
e
S
E
D
E
L
M
o
d
e
l
f
o
r
s
m
a
l
l
s
u
b
b
a
s
i
n
s
.
I
n
t
h
i
s
c
a
s
e
,
p
o
t
e
n
t
i
a
l
s
t
r
e
a
m
b
a
n
k
e
r
o
s
i
o
n
e
s
t
i
m
a
t
e
s
(
K
n
a
p
,
1
9
7
8
)
h
a
v
e
b
e
e
n
a
d
d
e
d
t
o
l
o
n
g
-
t
e
r
m
p
r
e
d
i
c
t
e
d
w
a
t
e
r
s
h
e
d
s
h
e
e
t
e
r
o
s
i
o
n
l
o
s
s
e
s
i
n
o
r
d
e
r
t
o
r
e
p
r
e
s
e
n
t
w
a
t
e
r
s
h
e
d
g
r
o
s
s
e
r
o
s
i
o
n
V
a
l
u
e
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 (Table l7).
For each watershed, gross erosion values have been multiplied
by a watershed delivery ratio fron two different sources:
- one based on drainage basin size (Roehl, I962; S.C.S., l97l).
- one based on drainage basin size but modified for predominant
soil textures in the watershed (S.C.S., l973).
The theory behind this
last data base
is that watersheds with predominantly
clay soils
have higher delivery
ratios
and watersheds with sandy soils
have
lower
delivery
ratios
than
the
first
data
base.
Predominant
soil
textures
of
the
piow
layer
have
been
obtained
from
Table
2.
The
multiplication
of
delivery
ratios
with
gross
erosion
results
in
long-term
predicted
watershed
sediment
loads.
_
6.4.3. Experimental Results
Table
l7
shows
gross
soil
erosion
losses
for
the
ll
agricultural
watersheds.
Gross
soil
erosion
is
the
sum
of
long-term
sheet
erosion
and
estimates
of
l976
bank
erosion
(Table
7).
Sediment
loads
have
been
computed
using
2
different
sources
of
published
delivery
ratios
(A
and
B).
Predicted
and
measured
sediment
loads
from
this
table
are
depicted
graphically
in
Figure
l7.
This
figure
indicates
that
both
sources
of
I
delivery
ratios
generally
overpredict
measured
sediment
loads
for
the
watersheds
from
O-ll
fold
increases.
The
first
set
of
delivery
ratios
(A)
is
generally
overpredicting
less
than
the
second
set
of
delivery
ratios (B).
 
6.4.4.
Data
Analysis,
Interpretation
and
Conclusions
i
The
best
relationships
between
measured
and
predicted
sediment
loads
are
observed
for
watersheds
AG-l,
AG-Z,
AG-h,
AG-lO,
AG-lh,
using
S.C.S.
(l97l)
delivery
ratios
(Figure
l7).
All
the
other
watersheds,
however,
indicate
a
3-ll
fold
increase
between
measured
and
predicted
sediment
loads,
the
largest
increase
being
found
for
AG-6,
AG-7
and
AG-l3.
It
should
be
recognized
that
for
example,
a
3~h
fold
difference
between
predicted
and
measured
loads
is
less
significant
for
watersheds
with
low
measured
sediment
loads
(AG-2,
6,
7,
ll,
lh)
than
it
is
for
watersheds
with
high
measured
sediment
loads
(AG-l).
Differences
in
predicted
loadings
by
the
two
approaches
for
the
same
watershed
are
most
extreme
for
basins
with
either
a
high
clay
or
high
sand
content
in
the
surface
soil
(AG-l,
AG-3,
AG-7,
AG-l3).
Such
content
drastically
affects
the
delivery
ratios
derived
from
the
second
source
of
information
(S.C.S.,
l973).
In
summary,
both
series
of
delivery
ratios
result
in
over-
prediction
of
measured
suspended
sediment
loadings.
This
discrepancy
may
be
rationalized
with
the
same
reasons
noted
in
the
previous
2
sections
of
this
chapter,
namely
that
2
years
of
measured
sediment
load
data
is
insufficient
to
validate
predicted
loadings.
Also,
the
published
delivery
ratios,
developed
in
specific
physiographic
areas
with
specific
soils
do
not
appear
to
be
applicable
to
small
agricultural
watersheds
in
Southern
Ontario.
Unfortunately
delivery
ratios
previously
computed
from
68
 TABLE 17: Predicted Stream Sediment Loads by the Universal Soil Loss Equation for 11
Agricultural Watersheds
6
9
POTENTIAL POTENTIAL1
SHEET STREAMBANK
DELIVERY SEDIMENT LOADINGS (kg/ha/yrz
EROSION EROSION GROSS2 DRAINAGE RATIO PREDICTED MEASURED5
WATERSHED LOSSES LOSSES EROSION AREA (D.R.) (GROSS EROSION x D.R.)
(kg/ha/yr) (kg/ha/yr) (kg/ha/yr) (sq. miles) A3 Z Bl+ A3 BL+
 
AG~1 /6574 286 6860 19.6 15 30 1029 2058 906
AG-Z 984 20 1004 30.5 14 7 141 70 146
AG-3 5752 29 5781 23.9 15 21 867 1214 219
AG—4 2086 241 2327 7.2 19 25 442 582 475
AG—5 3739 10 3749 11.6 17 22 637 825 279
AG-6 3980 14 3994 21.1 15 18 599 719 63
AG—7 5676 18 5694 21.8 15 10 54 569 87
AG-10 1055 18 1073 11.7 17 30 182 322 282
AG711 2997 ‘ 93 3090 9.2 18 26 556 803 _ 158
AG—13 7252 S6 7308 7.7 19 10 1389 731 245
AG-l4 1244 ‘ 94 1338 17.4 16 25 214 335 134
1From Table 7 Chapter 4
2Gross erosion is the series of potential sheet erosion losses and potential streambank erosion losses
3Delivery ratios based on drainage basin series (Roehl, 1962; S.C.S., 1971)
1+Delivery ratios based on drainage basin series, but modified for predominant watershed soil textures (S.C.S., 1973)
5"Naquadat" method, mean of 2 years data (May 1, 1975 — April 30, 1977)
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 gross erosion and measured sediment yield data (Chapter 5, Table 8)
could not be used for predicting sediment loads, since they were
based on the same set of data.
Considering the limitations of both predicted and measured
sediment loads, the simple method of using the Universal Soil Loss
Equation to predict sediment loads appears to have potential for
future use in watersheds of similar size, particularly if better
delivery ratios specific for southern Ontario were developed. With
readily available data on soils, land use and topography, it also
appears that this method of suspended sediment load prediction has
potential for larger basins in the Canadian Great Lakes Drainage
Basin for which no measured sediment load data is available.
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7.0 SEDIMENT CONTRIBUTING AREAS
IN AGRICULTURAL AREAS
7.l Introduction
During
the
transport
phase’of
the
soil
erosion
process,
deposition
of
eroded
materials
may
take
place
(e.g.
in
depressional
areas,
at
fence
rows,
along
grassed
buffer
strips)
before
entrained
sediments
reach
the
stream
system.
This
depositional
process
may
result
in
all
or
part
of
the
eroded
material
being
deposited.
When
partial
deposition
occurs,
it
is
usually
the
coarse
sediments
that
become
deposited
leaving
the
remaining
eroding
materials
enriched
with
fine textured
sediments.
As
a
result
of
depositional
phenomena
and
closed
micro
drainage
systems,
it
has
been
recently
suggested
that
only
part
of
an
agricultural
landscape
contributes
eroded
soil
materials
to
the
stream
(Dickinson
and
Whiteley,
l970;
Moore
gt
31,
l976).
These
studies
have
also
indicated
that
contributing
areas
of
a
watershed
are
not
constant,
but
vary
over
the
year.
To
give
some insight
to
contributing
areas
in
agricultural
landscapes
in
southern
Ontario,
a
study
was
initiated
with
the
following
objective:
-
to
physically
define
the
seasonal
variability
in
sediment
source
areas
in
two
agricultural
watersheds.
The
study
approach
has
involved
defining
and
quantifying
sediment
source
areas
by
field
observations
during
or
immediately
following
runoff
events.
In
addition,
a
Sediment
Transport
Computer
Model
(see
Chapter
6)
has
been
used
to
predict
sediment
producing
areas.
Predicted
and
observed
sediment
source
areas
have
been
compared.
Results
from
the
two
year
field
investigation
(1975,
l976)
have
also
been
compared
to
runoff
producing
estimates
made
by
Whiteley
(l978).
7.2
Data
Collection
Methods
A
d
e
ta
i
le
d
field
p
r
o
g
r
a
m
to
e
va
l
ua
t
e
s
e
d
i
m
e
n
t
source
areas
in
(AG—h)
Canagagigue
Creek
and
(AG-5)
H
o
l
i
d
a
y
Creek
w
a
t
e
r
s
h
e
d
s
was
initiated
in
March
l975
and
c
o
n
t
i
n
ue
d
to
April,
l977.
Field
visits
w
e
r
e
m
a
d
e
d
u
r
i
n
g
o
r
s
h
o
r
t
l
y
a
f
t
e
r
r
u
n
o
f
f
-
p
r
o
d
u
c
i
n
g
s
n
o
w
m
e
l
t
a
n
d
r
a
i
n
f
a
l
l
e
v
e
n
t
s
to
d
e
f
i
n
e
a
n
d
q
u
a
n
t
i
f
y
f
i
e
l
d
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
by
o
ns
i
t
e
visual
observations.
For
each
event,
the
p
r
o
p
o
r
t
i
o
n
of
individual
f
i
e
l
d
s
o
b
s
e
r
v
e
d
to
c
o
n
t
r
i
b
u
t
e
r
u
n
o
f
f
w
a
t
e
r
was
d
e
t
e
r
m
i
n
e
d
a
n
d
n
o
t
e
d
.
O
b
s
e
r
v
e
d
fields
we
r
e
c
l
a
s
s
i
f
i
e
d
into
the
f
o
l
l
o
wi
n
g
runoff
c
o
n
t
r
i
b
ut
i
n
g
area
categories:
'
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0% no runoff
l — 10% - low runoff
ll - 25% - medium runoff
26 — 50% - high runoff
>50% - very high runoff
For
the
determination
of
the
relative
amounts
of
sediment
in
runoff
water
leaving
the
observed
fields
at
field
boundaries,
grab
samples
of
run-
off
water
were
taken
in
250
ml
bottles.
Water
samples
were
analysed
for
turbidity
(Jackson
Turbidity
Units).
The
fields
were
then
classified
into
high,
medium,
low
and
no
sediment
producing
classes.
Selection
of
fields
in
each
watershed
was
mainly
based
on
accessa-
bility
so
that
observed
fields
were
located
at
or
near
the
roads.
To
determine
the
proportion
of
a
landscape
(watershed)
that
contributes
to
run-
off,
a
small
representative
subbasin
(about
3
kmz)
within
each
watershed
was
selected
in
1975
for
detailed
field
observations
(Figure
11,
subbasin
1
and
Figure
12,
subbasin
2).
All
fields
in
each
of
these
subbasins
were
added
to
the
already
selected
fields
for
watershed
contributing
area
observations.
The
number
of
fields
for
which
runoff
was
observed
during
the
1975
climatic
events
varied.
During
1976,
however,
the
field
program
was
intensified
by
emphasizing
sediment
source
areas
rather
than
runoff
areas.
This
resulted
in
not
only
more
fields
observed,
but
also
in
all
the
fields
being
observed
for
each
event.
In
other
Words,
a
constant
number
of
fields
were
observed
during
every
runoff
producing
climatic
events.
The
number
of
fields
observed,
including
all
fields
from
the
subbasin,
during
runoff
events
in
1975
and
1976,
are
summarized
below:
1975
1976
Range Mean
A
G
-
h
5-31
13
31
A
G
-
5
4
-
3
0
1
5
5
3
Since
the
individual
f
i
e
l
d
s
o
b
s
e
r
ve
d
had
va
r
i
a
b
l
e
dimensions,
the
area
of
each
field
wa
s
m
e
a
s
ur
e
d
on
aerial
p
h
o
t
o
g
r
a
p
h
s
(
1
:
1
6
,
6
#
0
scale).
Field
zones
va
r
i
e
d
between
1.5
and
40
ha
for
both
watersheds.
The
fixed
n
um
b
e
r
of
f
i
e
l
d
s
o
b
s
e
r
v
e
d
d
u
r
i
n
g
1
9
7
6
e
v
e
n
t
s
h
a
d
a
total
a
r
e
a
o
f
163
ha
(31
f
i
e
l
d
s
)
f
o
r
A
G
-
h
a
n
d
4
1
4
ha
(
5
3
f
i
e
l
d
s
)
f
o
r
A
G
-
5
.
T
h
i
s
r
e
p
r
e
s
e
n
t
e
d
9
%
a
n
d
1
9
%
of
the
total
w
a
t
e
r
s
h
e
d
a
r
e
a
f
o
r
A
G
—
h
a
n
d
A
G
—
S
r
e
s
p
e
c
t
i
v
e
l
y
.
D
u
r
i
n
g
1975,
t
h
e
total
a
r
e
a
o
b
s
e
r
v
e
d
V
a
r
i
e
d
f
o
r
e
a
c
h
e
v
e
n
t
,
s
i
n
c
e
t
h
e
n
u
m
b
e
r
o
f
f
i
e
l
d
s
v
a
r
i
e
d
f
o
r
e
a
c
h
e
v
e
n
t
.
T
o
i
n
c
l
u
d
e
1
9
7
5
e
v
e
n
t
s
f
o
r
d
a
t
a
a
n
a
l
y
s
i
s
,
a
m
i
n
i
m
u
m
o
f
4
o
b
s
e
r
v
e
d
f
i
e
l
d
s
f
o
r
e
a
c
h
w
a
t
e
r
s
h
e
d
a
n
d
3
f
i
e
l
d
s
f
o
r
t
h
e
s
u
b
b
a
s
i
n
w
e
r
e
a
s
s
u
m
e
d
to
b
e
s
u
f
f
i
c
i
e
n
t
.
T
h
i
s
m
i
n
i
m
u
m
n
u
m
b
e
r
o
f
o
b
s
e
r
v
e
d
f
i
e
l
d
s
o
c
c
u
r
r
e
d
o
n
l
y
o
n
c
e
(
M
a
r
c
h
2
2
,
1
9
7
5
)
.
F
o
r
a
l
l
t
h
e
o
t
h
e
r
e
v
e
n
t
s
,
a
l
a
r
g
e
r
n
u
m
b
e
r
o
f
f
i
e
l
d
s
w
e
r
e
o
b
s
e
r
v
e
d
i
n
1
9
7
5
.
.
I
n
o
r
d
e
r
t
o
c
l
a
r
i
f
y
t
h
e
p
i
c
t
u
r
e
o
f
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
o
n
a
s
u
b
w
a
t
e
r
-
s
h
e
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n
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i
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w
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r
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t
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e
s
p
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p
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7.3 Experimental Results
For
each
event
observed
in
the
field
during
l975
and
l976,
data
on
field
contributing
areas
and
field
zones
have
been
analysed
to
determine
the
proportion
of
total
field
area
observed
in
each
contributing
area
class.
Results
of
this
analysis
are
graphically
presented
in
Figure
l8
and
Appendix
7.
Contributing
area
results
are
discussed
in
an
e
xa
m
p
l
e
for
A
G
-
h
w
a
t
e
r
s
h
e
d
during
the
first
6
months
of
1975
(Figure
l8).
The
X-axis
of
Figure
l8
represent
a
daily
time
scale,
so
that
the
e
xa
c
t
date
of
field
visits
can
be indicated.
O
b
s
e
r
va
t
i
o
n
s
for
AG-h
during
l975
c
o
m
m
e
n
c
e
d
after
March
26th.
For
each
field
visit
(runoff
event),
the
different
runoff
c
o
n
t
r
i
b
ut
i
n
g
a
r
e
a
c
l
a
s
s
e
s
h
a
v
e
b
e
e
n
d
e
p
i
c
t
e
d
by
d
i
f
f
e
r
e
n
t
g
r
a
p
h
i
c
a
l
lines.
T
h
e
v
e
r
t
i
c
a
l
length
of
each
class
(or
line
in
figure)
represents
the
p
r
o
p
o
r
t
i
o
n
of
total
field
area
o
b
s
e
r
ve
d
for
that
event,
e
xp
r
e
s
s
e
d
as
a
p
e
r
c
e
n
t
a
g
e
on
the
vertical
axis
of
Figure
l8.
The
dimensionless
scale
provides
comparisons
of
the
results
in
1975
(having
a
variable
total
area
observed)
w
i
t
h
t
h
e
l976
results
(having
a
constant
area
o
b
s
e
r
ve
d
for
each
event).
Field
visits
for
wh
i
c
h
n
o
discernible
c
o
n
t
r
i
b
ut
i
n
g
runoff
areas
we
r
e
o
b
s
e
r
ve
d
have
been
e
x
c
l
u
d
e
d
f
r
o
m
f
u
r
t
h
e
r
d
a
t
a
a
n
a
l
y
s
i
s
.
T
h
e
s
e
e
v
e
n
t
s
a
r
e
i
n
d
i
c
a
t
e
d
b
y
a
thin
s
o
l
i
d
line,
r
e
p
r
e
s
e
n
t
i
n
g
t
h
e
z
e
r
o
on
the
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
class.
For
c
o
n
v
e
n
i
e
n
t
i
n
t
e
r
p
r
e
t
a
t
i
o
n
of
t
h
e
r
e
s
ul
t
s
,
p
r
e
c
i
p
i
t
a
t
i
o
n
d
e
p
t
h
s
in
m
i
l
l
i
m
e
t
e
r
s
(Sanderson,
l977)
are
d
e
p
i
c
t
e
d
as
b
a
r
-
g
r
a
p
h
s
at
the
top
o
f
Figure
l8.
These
a
m
o
u
n
t
s
i
n
c
l
u
d
e
b
o
t
h
r
a
i
n
f
a
l
l
a
n
d
w
a
t
e
r
e
q
u
i
v
a
l
e
n
t
o
f
s
n
o
wm
e
l
t
.
L
i
k
e
wi
s
e
,
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
r
e
s
u
l
t
s
a
r
e
p
r
e
s
e
n
t
e
d
in
A
p
p
e
n
d
i
x
7
f
o
r
l975
for
A
G
-
h
,
A
G
-
S
,
A
G
-
S
s
u
b
b
a
s
i
n
a
n
d
for
1976
f
o
r
A
G
-
h
,
A
G
-
S
,
A
G
-
S
s
u
b
b
a
s
i
n
r
e
s
p
e
c
t
i
v
e
l
y
.
S
i
n
c
e
f
i
e
l
d
s
in
t
h
e
s
e
l
e
c
t
e
d
s
u
b
b
a
s
i
n
o
f
A
G
-
h
w
a
t
e
r
s
h
e
d
w
e
r
e
r
e
m
o
t
e
l
y
l
o
c
a
t
e
d
,
o
b
s
e
r
v
a
t
i
o
n
s
d
u
r
i
n
g
l
9
7
5
a
n
d
l
9
7
6
w
e
r
e
n
o
t
f
r
e
q
u
e
n
t
e
n
o
u
g
h
f
o
r
d
a
t
a
a
n
a
l
y
s
i
s
p
u
r
p
o
s
e
s
.
C
o
n
s
e
q
u
e
n
t
l
y
,
n
o
d
a
t
a
h
a
s
b
e
e
n
p
r
e
s
e
n
t
e
d
f
o
r
t
h
e
S
u
b
b
a
s
i
n
o
f
A
G
-
h
w
a
t
e
r
s
h
e
d
d
u
r
i
n
g
t
h
a
t
p
e
r
i
o
d
.
C
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
,
h
o
w
e
v
e
r
,
f
o
r
b
o
t
h
s
u
b
b
a
s
i
n
s
A
G
-
h
a
n
d
A
G
-
5
w
e
r
e
o
b
s
e
r
v
e
d
in
d
e
t
a
i
l
d
u
r
i
n
g
J
a
n
u
a
r
y
-
A
p
r
i
l
,
l977
a
n
d
h
a
v
e
b
e
e
n
p
r
e
s
e
n
t
e
d
in
T
a
b
l
e
l8.
T
h
e
s
e
e
v
e
n
t
s
h
a
v
e
b
e
e
n
i
n
c
l
u
d
e
d
in
f
u
r
t
h
e
r
a
n
a
l
y
s
i
s
o
f
t
h
e
d
a
t
a
.
7
.
4
D
a
t
a
A
n
a
l
y
s
i
s
a
n
d
I
n
t
e
r
p
r
e
t
a
t
i
o
n
7
.
4
.
l
C
o
n
t
r
i
b
u
t
i
n
g
A
r
e
a
G
r
a
p
h
s
Results
in
Figure
18
and
A
p
p
e
n
d
i
x
7
indicate
that
field
visits
do
not
always
co
i
nc
i
d
e
wi
t
h
the
peak
rainstorm
events,
depsite
the
f
a
c
t
that
a
f
a
r
m
e
r
in
e
a
c
h
of
the
w
a
t
e
r
s
h
e
d
s
p
h
o
n
e
d
the
o
f
f
i
c
e
a
f
t
e
r
a
c
e
r
t
a
i
n
a
m
o
u
n
t
o
f
r
a
i
n
f
a
l
l
took
place.
F
i
e
l
d
v
i
s
i
t
s
s
h
o
r
t
l
y
a
f
t
e
r
r
un
o
f
f
e
v
e
n
t
s
h
a
v
e
b
e
e
n
u
s
e
d
to
r
e
c
o
n
s
t
r
u
c
t
the
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
p
i
c
t
u
r
e
,
c
o
n
s
i
d
e
r
a
t
i
o
n
h
a
v
i
n
g
been
g
i
v
e
n
to
r
un
o
f
f
a
n
d
e
r
o
s
i
o
n
f
e
a
t
u
r
e
s
,
s
u
c
h
as
w
a
s
h
o
u
t
a
r
e
a
s
,
rills
a
n
d
g
u
l
l
i
e
s
(e.g.
J
ul
y
2l,
l976
in
A
G
-
S
)
.
The
l
i
m
i
t
a
t
i
o
n
s
o
f
t
h
i
s
a
p
p
r
o
a
c
h
s
h
o
u
l
d
be
r
e
c
o
g
n
i
z
e
d
.
183 Percentage of landscape generating fluvial sediments in
subbasins of two agricultural watersheds.
  
EVENT AG-4 AG—5
(Canagagigue Creek) Holiday Creek
March 9, 1977 5 25
March 10, 1977 5 20
March 11, 1977 5 V 10
March 13, 1977
15
*-
March 14,
1977
25
'-
Spring, 1977 11 18
ii
76
 .
—
,
‘
m
w
w
v
m
.
.
.
.
M
A
.
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The
graphs
indicate
how
well
runoff
events
correlate
with
precipitation.
Also,
the
results
reveal
that
a
certain
amount
of
snowmelt
or
rainfall
water
is
needed
before
field
runoff
occurs.
This
amount
varies
over
the
season,
depending
on
the
antecedent
soil
moisture
conditions.
A
good
example
of
this
phenomenon
is
shown
for
AG-S
in
June,
l975
(Appendix
7),
where
about
25
mm
of
rainfall
on
wet
sbils
resulted
in
high
runoff
amounts
indicated
by
large
areas
contributing
in
each
class.
However,
the
same
amount
and
even
double
that
amount
of
rainfall
on
dry
soils
in
August
of
the
same
year
did
not
cause
any
observable runoff for AG—S.
7.h.2 Contributing Area Index
 
In
order
to
compare
different
events
(field
visits),
within
or
among
watersheds,
a
single
contributing
area
index
has
been
developed.
The
index
has
been
computed
by
integrating
field
areas
with
contributing
area
classes,
according
to
the
following
equation:
C.A.l. = 2(A x M) x 100, where
EA
C.A.|.
=
contributing
area
index
of
total
area
observed
(in ‘70),
A
=
number
of
hectares
in
each
contributing
area
class,
M
=
centributing
area
class
midpoint
(%),
Z
=
total
area
observed
for
each
event.
Contributing
area
index
values,
which
are
in
fact
area-
weighted
mean
contributing
areas,
have
been
computed
for
all
snowmelt
and
rainfall
runoff
producing
events
observed
during
l975
and
l976.
Results
of
the
computations
for
AG-h
and
AG-S
are
presented
on
a
monthly
basis
(Table
l9).
Raw
data
are
found
in
Appendix
7.
Table
l9
demonstrates
that
average
monthly contributing
areas
for
the
same
watershed
are
highly
variable
from
year
to
year
during
the
spring
(FebruaryuApril).
For
example,
contributing
areas
vary
from
h-lh%
in
the
month
of
April
in
AG-b,
or
from
5-22%
in
the
month
of
March
in
AG-S.
This
variability
is
of
no
surprise,
since
contributing
areas
are
strongly
influenced
by
the
highly
variable
climatic
events.
'Mean
annual
contributing
areas
show
the
same
variable
trends
but
ones
not
as
extreme
as
for
the
monthly
values
(Table
I9).
The
range
in
field
contributing
areas
observed
in
any
one
year
is
large.
For
example,
AG-h
(l975):
l-25%;
AG-S
(l976):
l~65%;
AG-5
subbasin
(l976):
ll-72%
(table
l9).
Since
the
number
of
yearly
observed
runoff
events
is
low
(they
vary
between
8-ll
events),
it
is
desirable
to
look
at
the
2
year
mean
watershed
contributing
area,
which
was
found
to
be
l0%
in
AG-h
(l7
observations)
and
l5%
in
AG-S
(2l
observations).
For
the
subbasin
of
AG-S,
the
2
year
mean
contributing
area
was
found
to
be
highest
i.e.
20%
(l7
observations).
77
 Table
19:
Average monthly sediment contributing areas (percent) for
producing events observed during 1975 and 1976 for
all snowmelt and rainfall runoff
AG—4 and AG—S watersheds.
WATERSHED Y
E
A
R
RANGE
For
Events
NUMBER OF
MEAN
OBSERVATIONS
AG-4
A
G
-
4
A
G
-
4
A
G
-
S
A
G
—
S
A
G
-
S
A
G
-
S
Subbasin
\1
no
1
9
7
5
1976
1975—
76
1
9
7
5
1976
1975-
7
6
1975—
7
6
—*
l
l
11
ll
2
2
1
5
1
4
1
3
12
1
0
l3
l7
1
7
2
7
18
18
28
1
2
12
6
5
65
7
2
9-25
l~18
1-13
6-25
3-65
3—65
3—72
13
9
7
8
10
17
16
ll
14
10
15
21
20
17
 
* Rainfall and snowmelt events without observable surface runoff
included
in
this
table.
(0% contributing area class) are not
 7.4.3 Seasonal Contributing Areas
The data in Appendix 7 have been further analysed for season-
al trends. In addition, data for spring 1977 (Table 20) are included.
Results of average seasonal contributing areas are presented in Table
20.
Table 20 indicates large variations in mean contributing
areas among different seasons in any one year (e.g. 3-24% for AG—5, 1976;
3-32% for AG-5 subbasins during 1976) as well as between some seasons in
different years (e.g. 4-17% winter 1976 and 1975 for AG-S).
Low rain-
fall frequency and rainfall amounts during the fall Seasons in AG-4,
AG-S and AG-5 subbasin, especially during the months of November and
December (Appendix 7) are expressed by the low number of runoff pro-
ducing field observations (Table 20). Hence the lowest seasonal runoff
contributing areas occur during
this September - December period,
varying between 1-6%.
AVerage seasonal
contributing areas in AG-4
during
the spring are higher than during the summer°
This trend is
reversed for AG-S watershed and AG-S subbasin.
In AG-E,
summer storms
have been found to be more frequent with higher rainfall amount than in
AG-4, in particular during 1976, (Appendix 7).
Over the 2 year period
1975-1976 (1977), average contributing areas observed during the spring
season have been found to be the same for AG-4, AG-S and AG-5
subbasin
(12%). During the summer season, contributing areas in AG-S watershed
and AG-S subbasin are observed to be higher (21% and 30% respectively)
than
for
AG-4
watershed
(8%).
Results of detailed
subbasin obserVations during the spring
season
of
1977
reveal
that contributing
areas
in AG-4
subbasin
(11%)
are about the same as for the fields observed in the watershed during
1975-1976 (12%); whereas the AG-5 subbasin has exhibited more contri-
buting
areas
during
spring
1977
(18%)
than
the
3 year
subbasin
average
of
12%.
'
7.4.4 Extrapolation of Results
 
With
respect
to
landuse,
the
subwatershed
in
AG-5
appears
to
provide
a
better
representation
for
the
entire
basin
than
the
subwater-
shed
in
AG-4.
The
latter
has
a
higher
percentage
of
grass
and
woodlands
compared
with
the
entire
watershed
AG-4.
The
selected
fields
observed
in
AG-4
and
AG-5
are
generally
felt
to
be
a
reasonable
sample
of
the
population
of
fields
in
the
entire
watersheds
with
respect
to
land
use,
soils
and
topography.
Consequently,
contributing
area
results
based
on
these
sampled
fields
may
be
used
for
extrapolation
of
results
to
the
e
n
t
i
r
e
basin
of
A
G
-
4
and
AG-S.
7.4.5
Contributing
Areas
in
Relation
to
Sediment
Producing
Areas
Since
an
objective
of
this
contributing
area
investigation
has
been
to
define
and
quantify
sediment
source
areas
in
the
two
water-
sheds
AG-4
and
AG-S,
turbidity
data
from
grab
runoff
samples
have
been
79
/
 Table 20:
Mean seasonal sediment contributing areas (percent) for all snowmelt and rainfall
runoff producing events observed during 1975—1977 for AG—4 and AG-S watersheds
and subbasins.
WATERSHED YEAR
WINTER
SUMMER
FALL
TOTAL YEAR
AND
(Jan.-April)
(May—~August)
(Sept—~Dec.)
(Jan.—Dec.)
SUBBASIN
MEAN
NO. OF
MEAN
NO. OF
MEAN
NO. OF
MEAN
NO. OF
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
OBSERVATIONS
A
G
-
4
AG-4
A
G
-
4
A
G
—
S
A
G
-
S
A
G
-
S
A
G
-
4
Subbasin
A
G
-
S
Subbasin
A
G
-
S
Subbasin
A
G
-
S
Subbasin
A
G
-
S
Subbasin
  
co
l
l
e
c
t
e
d
in
o
r
d
e
r
to
c
l
a
s
s
i
f
y
t
h
e
o
b
s
e
r
v
e
d
f
i
e
l
d
s
into
a
h
i
g
h
,
m
e
d
i
u
m
,
low
and
n
o
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
class.
A
n
a
l
y
s
i
s
o
f
t
h
e
s
e
d
a
t
a
f
o
r
e
a
c
h
e
v
e
n
t
r
e
ve
a
l
s
a
s
c
a
t
t
e
r
o
f
t
u
r
b
i
d
i
t
y
v
a
l
u
e
s
b
e
a
r
i
n
g
n
o
r
e
l
a
t
i
o
n
s
h
i
p
w
i
t
h
o
b
s
e
r
v
e
d
r
un
o
f
f
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
.
T
h
i
s
t
u
r
b
i
d
i
t
y
i
n
f
o
n
n
a
t
i
o
n
h
a
s
t
h
e
r
e
f
o
r
e
b
e
e
n
u
s
e
d
in
a
g
e
n
e
r
a
l
q
u
a
l
i
t
a
t
i
v
e
w
a
y
t
o
s
u
p
p
o
r
t
f
i
e
l
d
o
b
s
e
r
v
a
t
i
o
n
s
a
b
o
u
t
t
h
e
m
a
g
n
i
t
u
d
e
o
f
s
e
d
i
m
e
n
t
s
c
a
r
r
i
e
d
by
r
u
n
o
f
f
w
a
t
e
r
leaving the fields.
W
i
t
h
f
e
w
e
x
c
e
p
t
i
o
n
s
,
r
u
n
o
f
f
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
d
u
r
i
n
g
t
h
e
s
p
r
i
n
g
p
e
r
i
o
d
(
J
a
n
u
a
r
y
-
A
p
r
i
l
)
c
a
r
r
y
s
e
d
i
m
e
n
t
s
f
r
o
m
t
h
e
f
i
e
l
d
v
i
a
a
n
a
c
t
i
v
e
d
r
a
i
n
a
g
e
s
y
s
t
e
m
o
f
w
a
t
e
r
w
a
y
s
,
r
o
a
d
s
i
d
e
d
i
t
c
h
e
s
,
i
n
t
e
r
m
i
t
t
e
n
t
s
t
r
e
a
m
s
a
n
d
e
p
h
e
m
e
r
a
l
s
t
r
e
a
m
s
,
i
n
t
o
t
h
e
m
a
i
n
c
h
a
n
n
e
l
.
T
h
i
s
s
p
r
i
n
g
p
e
r
i
o
d
h
a
s
b
e
e
n
o
b
s
e
r
v
e
d
(
i
.
e
.
t
h
r
o
u
g
h
t
u
r
b
i
d
i
t
y
m
e
a
s
u
r
e
m
e
n
t
s
)
t
o
h
a
v
e
a
h
i
g
h
d
e
l
i
v
e
r
y
o
f
s
e
d
i
m
e
n
t
s
f
r
o
n
t
h
e
f
i
e
l
d
s
i
n
t
o
t
h
e
s
t
r
e
a
m
s
y
t
e
m
,
m
a
i
n
l
y
d
u
e
t
o
f
r
o
z
e
n
s
o
i
l
o
r
h
i
g
h
a
n
t
e
c
e
d
e
n
t
s
o
i
l
m
o
i
s
t
u
r
e
c
o
n
d
i
t
i
o
n
s
a
n
d
a
l
a
c
k
o
f
e
f
f
e
c
t
i
v
e
g
r
0
u
n
d
c
o
v
e
r
t
r
a
p
p
i
n
g
s
o
i
l
m
a
t
e
r
i
a
l
d
u
r
i
n
g
t
h
e
t
r
a
n
s
p
o
r
t
p
h
a
s
e
o
f
t
h
e
s
o
i
l
e
r
o
s
i
o
n
p
r
o
c
e
s
s
.
C
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
r
u
n
o
f
f
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
o
b
s
e
r
v
e
d
d
u
r
i
n
g
t
h
i
s
p
e
r
i
o
d
m
a
y
b
e
c
o
n
s
i
d
e
r
e
d
a
s
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
.
D
u
r
i
n
g
t
h
e
s
u
m
n
e
r
p
e
r
i
o
d
(
M
a
y
-
A
u
g
u
s
t
)
,
h
o
w
e
v
e
r
,
t
u
r
b
i
d
i
t
y
d
a
t
a
i
n
d
i
c
a
t
e
g
e
n
e
r
a
l
l
y
l
o
w
a
m
o
u
n
t
s
o
f
s
e
d
i
m
e
n
t
o
r
o
f
t
e
n
n
o
s
e
d
i
m
e
n
t
s
a
t
a
l
l
in
r
u
n
o
f
f
w
a
t
e
r
l
e
a
v
i
n
g
t
h
e
f
i
e
l
d
s
.
E
v
e
n
i
f
s
e
d
i
m
e
n
t
l
o
a
d
e
d
r
u
n
o
f
f
w
a
t
e
r
d
u
r
i
n
g
h
i
g
h
r
a
i
n
f
a
l
l
e
v
e
n
t
s
l
e
a
v
e
s
t
h
e
f
i
e
l
d
s
,
it
h
a
s
b
e
e
n
o
b
s
e
r
v
e
d
t
h
a
t
m
o
s
t
o
f
t
h
e
s
e
d
i
m
e
n
t
s
a
r
e
b
e
i
n
g
t
r
a
p
p
e
d
in
t
r
a
n
s
p
o
r
t
t
h
r
o
u
g
h
w
e
l
l
v
e
g
e
t
a
t
e
d
s
u
r
f
a
c
e
d
r
a
i
n
a
g
e
s
y
s
t
e
m
s
b
e
f
o
r
e
r
e
a
c
h
i
n
g
t
h
e
m
a
i
n
c
h
a
n
n
e
l
.
In
o
t
h
e
r
w
o
r
d
s
,
a
l
o
w
d
e
l
i
v
e
r
y
o
f
s
e
d
i
m
e
n
t
s
f
r
o
m
t
h
e
l
a
n
d
b
a
s
e
t
o
t
h
e
s
t
r
e
a
m
s
y
s
t
e
m
t
a
k
e
s
p
l
a
c
e
d
u
r
i
n
g
t
h
i
s
p
e
r
i
o
d
,
p
a
r
t
l
y
c
a
u
s
e
d
b
y
a
g
o
o
d
v
e
g
e
t
a
t
i
o
n
s
o
i
l
p
r
o
t
e
c
t
i
o
n
.
C
o
n
S
e
q
u
e
n
t
l
y
,
r
u
n
o
f
f
c
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
o
b
s
e
r
v
e
d
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
a
n
d
f
a
l
l
p
e
r
i
o
d
s
a
r
e
c
o
n
s
i
d
e
r
e
d
a
s
p
o
t
e
n
t
i
a
l
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
,
r
a
t
h
e
r
t
h
a
n
a
c
t
i
v
e
l
y
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
.
7.5 Conclusions
T
h
i
s
t
w
o
y
e
a
r
s
t
u
d
y
(
l
9
7
5
,
l976)
r
e
g
a
r
d
i
n
g
a
r
e
a
s
t
h
a
t
c
o
n
t
r
i
b
u
t
e
s
e
d
i
m
e
n
t
s
i
n
t
o
t
h
e
s
t
r
e
a
m
s
h
a
s
r
e
v
e
a
l
e
d
t
h
a
t
o
n
t
h
e
a
v
e
r
a
g
e
a
b
o
u
t
l0%
o
f
t
h
e
w
a
t
e
r
s
h
e
d
a
r
e
a
in
A
G
-
h
a
n
d
l
5
%
o
f
A
G
-
S
h
a
s
t
h
e
p
o
t
e
n
t
i
a
l
o
f
c
o
n
t
r
i
b
u
t
i
n
g
t
o
s
t
r
e
a
m
s
e
d
i
m
e
n
t
l
o
a
d
s
d
u
r
i
n
g
t
h
e
y
e
a
r
.
U
n
d
e
r
h
i
g
h
s
o
i
l
m
o
i
s
t
u
r
e
c
o
n
d
i
t
i
o
n
s
,
s
u
c
h
a
s
t
h
e
w
i
n
t
e
r
s
e
a
s
o
n
(
J
a
n
u
a
r
y
-
A
p
r
i
l
)
,
c
h
a
r
a
c
t
e
r
i
z
e
d
b
y
a
h
i
g
h
d
e
l
i
v
e
r
y
o
f
s
e
d
i
m
e
n
t
l
o
a
d
e
d
r
u
n
o
f
f
w
a
t
e
r
t
o
t
h
e
s
t
r
e
a
m
s
y
s
t
e
m
,
a
v
e
r
a
g
e
s
e
d
i
m
e
n
t
p
r
o
d
u
c
i
n
g
a
r
e
a
s
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
b
e
1
2
%
o
f
t
h
e
t
o
t
a
l
w
a
t
e
r
s
h
e
d
a
r
e
a
f
o
r
A
G
-
h
,
A
G
-
S
a
n
d
A
G
-
S
s
u
b
b
a
s
i
n
.
A
r
e
a
s
c
o
n
t
r
i
b
u
t
i
n
g
t
o
r
u
n
o
f
f
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
(
M
a
y
-
A
u
g
u
s
t
)
u
n
d
e
r
l
o
w
s
o
i
l
m
o
i
s
t
u
r
e
c
o
n
d
i
t
i
o
n
s
a
r
e
l
o
w
e
r
f
o
r
A
G
-
h
(
8
%
)
t
h
a
n
d
u
r
i
n
g
t
h
e
s
p
r
i
n
g
,
b
u
t
h
i
g
h
e
r
f
o
r
A
G
-
S
(
2
l
%
)
a
n
d
s
t
i
l
l
h
i
g
h
e
r
f
o
r
A
G
-
S
s
u
b
b
a
s
i
n
(
3
0
%
)
d
u
e
t
o
e
x
t
r
e
m
e
l
y
h
i
g
h
r
a
i
n
f
a
l
l
e
v
e
n
t
s
d
u
r
i
n
g
t
h
e
s
u
m
m
e
r
o
f
l
9
7
6
.
C
o
n
t
r
i
b
u
t
i
n
g
a
r
e
a
s
d
u
r
i
n
g
t
h
e
f
a
l
l
s
e
a
s
o
n
(
S
e
p
t
e
m
b
e
r
-
D
e
c
e
m
b
e
r
)
h
a
v
e
b
e
e
n
f
o
u
n
d
t
o
b
e
l
o
w
e
s
t
,
r
a
n
g
i
n
g
b
e
t
w
e
e
n
0
-
5
%
o
f
t
h
e
a
r
e
a
s
o
f
A
G
-
h
a
n
d
A
G
-
S
w
a
t
e
r
s
h
e
d
s
.
8l
  
Since runoff water during the summer and fall season is observed
to be carrying no sediment or low sediment amounts that become trapped
before reaching the stream system, areas observed to contribute to runoff
during these seasons are considered as potential
sediment
producing areas
rather
than
active
sediment
producing areas.
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8.l Introduction
In
this
c
h
a
p
t
e
r
,
s
e
ve
r
a
l
s
c
h
e
m
e
s
f
o
r
r
e
d
u
c
i
n
g
soil
e
r
o
s
i
o
n
a
n
d
s
e
d
i
m
e
n
t
a
t
i
o
n
in
small
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
are
d
i
s
c
u
s
s
e
d
.
T
wo
of
the
m
e
t
h
o
d
s
employed
e
a
r
l
i
e
r
in
the
investigation
are
readily
adaptable
to
the
assessment
of
remedial
measures
for
soil
erosion
and
sediment
control.
The
first
of
these
methods,
the
Sediment
Transport
Computer
Model,
has
been
used
to
evaluate
the
effectiveness
of
reducing
soil
loss
from
areas
with
the
highest
unit
area
loadings
on
total
watershed
sediment
loads.
In
addition,
simulation
techniques
with
the
Sediment
Transport
Computer
Model
have
been
used
to
evaluate
the
effects
of
different
land
uses
and
e
r
o
s
i
o
n
control
practices
in
reducing
predicted
wa
t
e
r
s
h
e
d
sediment
yields.
A
second
m
e
t
h
o
d
used
to
assess
the
e
f
f
e
c
t
s
o
f
remedial
m
e
a
s
ur
e
s
on
soil
erosion
(e.g.
minimum
tillage,
cross
slope
farming,
strip
cropping)
is
a
l
s
o
d
i
s
c
u
s
s
e
d
in
this
c
h
a
p
t
e
r
.
I
8.2
Sediment
Transport
Computer
Model:
Effects
of
reducing
soil
loss
from
the
most
erosion
sensitive
areas
on
w
a
t
e
r
s
h
e
d
sediment
loads
8.2.]
Data
C
o
l
l
e
c
t
i
o
n
M
e
t
h
o
d
s
Data
collection
and
methodology
for
mapping
sediment-producing
areas
by
the
Sediment
T
r
a
n
s
p
o
r
t
Computer
Model
have
been
discussed
in
Chapter A.
8
.
2
.
2
E
x
p
e
r
i
m
e
n
t
a
l
R
e
s
u
l
t
s
Results
from
the
mapping
of
sediment-producing
areas
in
AG-h
and
AG-S
w
a
t
e
r
s
h
e
d
s
have
been
p
r
e
s
e
n
t
e
d
in
Figures
l5
and
l6
of
Chapter
6.
For
the
purpose
of
e
va
l
ua
t
i
n
g
the
e
f
f
e
c
t
s
of
reducing
soil
loss
from
s
e
d
i
m
e
n
t
-
p
r
o
d
uc
i
n
g
areas
on
total
wa
t
e
r
s
h
e
d
sediment
loads,
reSults
in
Figure
l5
and
I6
of
Chapter
6
have
been
subjected
to
further
analysis.
B
e
g
i
n
n
i
n
g
wi
t
h
the
h
i
g
h
e
s
t
s
e
d
i
m
e
n
t
-
p
r
o
d
uc
i
n
g
class
(>40
ton/cell),
the
cumulative
percent
of
both
the
predicted
loading
rates
and
aerial
dis-
tribution
for
the
e
i
g
h
t
s
e
d
i
m
e
n
t
-
p
r
o
d
uc
i
n
g
categories
have
been
computed.
The
results
of
these
computations
are
presented
in
Tables
2i
and
22.
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 TABLE
21:
Aerial
Distribution and Loading
Rates
for Different
Sediment
Producing
Categories
in
AC-4
(Canagagigue
Creek)
‘
SEDIMENT PRODUCING
CUMULATIVE SED IMENT
CUMULATIVE PREDICTED
CATEGORY
PRODUCINC AREAS
SEDIMENT LOAD S
(ton/ha/yr)
(ha)
(Z)
(%)
>10
8
0.5
3
> 6
16
1
5
> 4
101
5
I
22
8
1
+
> 2
421 '
21
57
> 1
1025
51
90
> 0.1
1973
98
100
 8
5
 
TABLE
22:
Aerial
Distribution
and
Loading
Rates
for Different
Sediment
Producing
Categories
in
AG-S
(Holiday
Creek)
 
SEDIMENT PRODUCING
CUMULATIVE SEDIMENT
CUMULATIVE PREDICTED
CATEGORY
PRODUCING AREAS
SEDIMENT LOADS
(ton/ha/yr)
(ha)
(x)
(Z)
>10
40
1
17
> 8
53
1.3
21
> 6
93
2
32
> 4
170
5
47
> 2
352
11
66
> 1
558
18
77
> 0.1
2725
90
100
 8.3
Also,
the
data
points
from
both
tables
have
been
used
to
plot
cumulative
sediment-producing
areas
against
cumulative
predicted watershed
sediment
loads.
Lines
connecting
these
data
points
for
AG—h
and AG-S
watersheds
are presented in Figure l9.
8.2.3
Data
Analysis
and
Interpretation
Tables
2i
and
22
show
the
effectiveness
of
controlling
different
levels
of
sediment
production.
In
AG-S,
17%
of
the
total
predicted
watershed
sediment
load
could
be
reduced
by
controlling
the
highest
sediment-producing
class
(>10
ton/ha/yr)
to
low
levels,
assumed
at
<l
ton/ha/yr.
This
constitutes
an
area
of
no
ha
in
close
proximity
to
the
streams.
When
all
areas
producing
>8
ton/ha/yr
of
sediments
(53 ha)
are reduced to a low
level of <l ton/ha/yr, watershed
sediment
output
could
be
reduced
by
about
2l%.
Reducing
watershed
sediment
loads
by
about
20%
in
AG-h
Canagagigue
Creek
implies
controlling
sediment
production
on
an
area
of
about
lOO
ha
(Table
2]).
Figure
19
shows
the
relationship
between
sediment-producing
areas
and
sediment
loads
for
AG-h
and
AG-S,
as
a
means
of
assessing
the
relative
distribution
of
sediment
scurce
areas.
It
is
apparent
from
Figure
l9
that
AG-S
requires
the
application
of
remedial
measures
to
a
greater
land
area
in
order
to
reduce
sediment
loads
by
an
equivalent
percent
on
AG-h.
For
example,
to
reduce
watershed
sediment
loads
by
half,
remedial
measures
need
to
be
instituted
on
only
6%
of
the
watershed
area
in
AG-S;
while
for
AG-h,
l6%
of
the
area
requires
treatment
for
the
same
reduction
in
sediment
load
(50%).
The
previous
discussion
on
the
effectiveness
of
controlling
different
levels
of
sediment
production
in
reducing
watershed
sediment
load
was
based
on
the
assumption
that
the
sediment-producing
categories
were
reduced
to
a
low
level
(<l
ton/ha/yr)
of
sediment
production
with
the
highest
sediment-producing
category
(>l0
ton/ha/yr)
considered
initially
and
progressing
to
the
lo~est
sediment
producing
category
(<l
ton/ha/yr).
No
attempt
has
been
made
to
evaluate
the
effectiveness
of
reducing
sediment
loads
(e.g.
25%,
50%)
of
a
particular
sediment-
producing
class
by
a
fixed
percentage.
Land
Use
And
Erosion
Control
Simulation
8.3.]
Data
Collection
Methods
Simulation
techniques
with
the
Sediment
Transport
Computer
Model
have
been
used
to
evaluate
the
effects
of
different
land
uses
and
erosion
control
practices
in
reducing
predicted
watershed
sediment
yields.
Model
input
values
for
the
cropping-management
“C”
factor
and
the
erosion
control
practices
“P”
factor
under
present
land
use
conditions
have
been
replace
by
newly
computed
values
reflecting
simulated
conditions.
The
following
simulated
land
uses
and
erosion
control
practices
have
been
considered:
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P
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e
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t
e
d
W
a
t
e
r
s
h
e
d
S
e
d
i
m
e
n
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L
o
a
d
(
C
u
m
u
l
a
t
i
v
e
%
)
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I—~—_—i, 7,, ,
- fallow plowed 1 1
- entire watershed in forest cover 0.02 1
- all arable land in permanent pasture 0.03 l
- a11 arable land in continuous grain corn, 0.h5 1
fall plowed
— end cells of ephemeral drainage nets in 1
permanent pasture
- cross slope farming
0.75
- contour farming
0.50
- strip cropping, across
the slope
0.37
- strip cropping, on the contour
0.25
8.3.2 Experimental Results
Results of
simulated land use and erosion control
practices
for AG-h
and
AG-5
are
presented
in Table
23.
This
table
indicates
the
effectiveness
of
each
practice
in
reducing
watershed
sediment
yields
from current
land
use (fall
plowed)
and cultivation
practices
assumed
to
be up-down
slope
farming
- fall
plowed.
With
a few
exceptions
reductions
in
predicted
watershed
sediment
loads are
the
same or
about
the
same
for
both
AG-h
and
AG-S.
8.3.3
Data
Analysis
and
Interpretation
Precultural
levels
of
sediment
yield
in
AG-h
and
AG-5
were
computed
by
assuming
a
complete
forest
cover
(C
value
of
.02).
Table
23
indicates
that
under
these
simu1ated
conditions,
sediment
yields
in
AG—h
were
only
17%
and
in
AG-5
only
9%
of
sediment
levels
found
under
present
land
use
conditions.
Similarily
when
the
cultivated
land
area,
which
is
the
total
watershed
area
excluding
permanent
pasture
and
woodlands
(81%
of
total
watershed
area
for
both
AG-4
and
AG-5)
was
assumed
to
have
a
permanent
grass
cover,
the
sediment
load
in
both
areas
showed
a
potential
reduc-
tion
of
75%
-
87%
of
sediment
levels
found
under
current
land
use
conditions.
Permanent
grass
COVer
is
a
very
effective
method
for
erosion
and
sediment
control;
but
unrealistic
from
an
agronomic
point
of
view
since
croplands
are
taken
out
of
production.
When
all
cultivated
land
was
assumed
to
have
grain
corn
(with
conventional
fall
plow
tillage)
to
simulate
present
trends
towards
more
continuous
row
cropping
systems
in
Ontario
current
predict-
ed
sediment
loads
were
computed
to
increase
by
more
than
3
fold
for
AG-#
and
by
05%
for
AG-S.
The
dramatic
increase
for
AG-h
is
caused
by
the
absence
of
continuous
corn
under
the
present
cropping
system.
Several
control
p
r
a
c
t
i
c
e
s
w
e
r
e
also
e
va
l
ua
t
e
d
f
o
r
their
p
o
t
e
n
t
i
a
l
to
r
e
d
u
c
e
w
a
t
e
r
s
h
e
d
s
e
d
i
m
e
n
t
l
o
a
d
s
.
T
h
i
s
e
v
a
l
u
a
t
i
o
n
w
a
s
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b
l
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23:
Effectiveness of Simulated Land Uses and Erosion Practices in Reducing Sediment
Loads in AG-ﬁ (Canagagigue Creek)
and AG-S (Holiday Creek) Watersheds
LAND USE
 
Current
land
use,
fall
plowed
All
cultivated
land
in
permanent
pasture
Complete
forest
cover
All
cultivated
land
in
continuous
grain
corn
EROSION
CONTROL
PRACTICE
Current
cultivation
practice,
up-down
slope,
fall
plowed
Current
land
use,
spring
plowed
End
cells
in
permanent
pasture
Cross
slope
farming
Contour
farming
Strip
cropping,
across
the
slope
Strip
cropping,
on
the
contour
SEDIMENT
YIELD
REDUCTION
COMPARED
WITH
~
CURRENT
LAND
USE
AND
CULTIVATION
PRACTICES
 
(%)
_A_G_—__L+
AG-S
o
o
75
87
83
91
300
1
451
21+
15
32
18
25
25
50
50
63
63
75
75
1Figure
represents
an
increase,
rather
than
a
reduction
 accomplished
by
assigning
to
the erosion
control
factor “P”
in
the
U.S.L.E. an empirical value
that
reflects each of the following four
control practices:
cross
slope and contour farming,
both with
and
without
strip
cropping.
Since
values
are
the
same
for
both AG-h
and
AG-S
watersheds,
the
potential
reduction
in sediment
yield
also
remains
the same.
Table
23
demonstrates
that
without
strip
cropping,
contour
farming
is
twice
as
effective
as
simple
cross
slope
farming
in
reducing
predicted
sediment
yields
fron
the
current
practice
of
updown
slope
farming
by
about
half.
Wischmeier
and
Smith
(l965)
have
found
that
contouring
appears
to
be
most
effective
on
slopes
in
the
3-7%
range.
For
steeper
slopes,
a more
effective
method
could
be
used
by
planting
alternate
strips
of
grass
and
row
crops
or
small
grains
across
the
slope or on the contour.
Results
of
the
computer
simulation
indicated
that
these
practices,
called
strip
cropping,
may
reduce
sediment
yields
from
updown
slope
fanning
by
63-75%
(Table
23).
Strip
cropping
with
grass
and/or
legume
crops
provides
for
greater
infiltration
of
runoff
water
and
deposition
of
eroded
material.
Cross
slope
farming
creates
small
ridges
and
depressions
that
reduces
runoff.
In
spite
of
the
fact
that
areas
with
complex
slopes
may
preclude
across
slope
planting,
this
method,
with
or
without
strip
cropping,
is
more
feasible
and
easier
to
adopt
than
contour
farming,
since
following
field
contour
lines
with
mechanized
multiple
row
equipment
can
be
cumbersome
and
time
consuming.
In
addition,
farm
operations
may
be
hampered
by
narrow
rows
and
point
rows
(Jacobson,
l969).
Simulation
techniques
also
reveal
that
when
areas
(A
ha
cells)
in
the
watershed
where
overland
flow
reaches
a
stream-channel
(end
of
ephemeral
drainage
nets)
are
assumed
to
be
a
grass
cover,
the
trapping
of
sediment
in
these
areas
results
in
reductions
of
average
yearly
sediment
loads
by
l8%
and
32%
for
AG-h
and
AG-S
watersheds
respectively.
The
disadvantage
of
this
practice
is
that
areas
of
prime
agricultural
land
may
be
taken
out
of
production
at
the
farmer's
expense.
When
fall
plowing
of
the
land
is
delayed
till
spring,
computed
field
erosion
and
sediment
yields
were
reduced
by
24%
and
l5%
for
AG-h
and
AG-S
respectively.
This
practice
results
in
crop
residues
remaining
on
the
land
to
form
an
effective
soil
cover
against
the
forces
of
raindrop
splash
and
overland
flow
from
runoff
water.
V
Since
the
transport
factor
“T”,
which
has
been
based
on
topo-
graphic
differences,
is
not
influenced
by
the
computer
model
simulations,
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the
effectiveness
of
erosion
control
practices
in
reducing
watershed
sediment
loads
is
the
same
for
reducing
potential
erosion
losses.
Effectiveness
of
ConserVation
Tillage
in
Reducing
Soil
Erosion
8-4-1Ba_c|s&ro_un_d
Soil
erosion
losses
can
also
be
reduced
by
conservation
tillage
practices.
For
use
in
the
U.S.LoE.,
Wischmeier
(1973)
has
developed
new
soil
loss
ratios
for
conservation
tillage
practices
in
a
continuous
corn
crop
for
crop
stage
periods
1,
2
and
3,
which
are
the
seedling,
the
establishment
of
the
crop,
the
growing
and
maturing
periods
respectively.
Soil
loss
ratios
are
empirical
measures
of
the
erosion
control
effectiveness
of
a
particular
crop,
as
expressed
by
the
cropping-management
factor
“C”
in
the
uniVersal
soil
loss
equation
(Wischmeier
and
Smith,
1965).
No
soil
loss
ratios
for
crop
stage
period
4,
the
period
from
grain
corn
harvest
in
the
fall
to
conservation
tillage
operations
in
spring,
have
been
presented
by
Wischmeier
(1973),
since
they
vary
by
local
parameters
that
influence
the
percentage
of
effective
groundcover
by
corn
residue;
e.g.
yield
levels,
residue
losses
during winter.
8.4.2
Data
Collection
Methods
AVerage
values
of
published
soil
loss
ratios
for
crop
stage
periods
1,
2
and
3
were
used
for
four
soil
conservation
tillage
practices,
including
zero
tillage,
disk
and
plant,
chisel
plow
with
points
and
rotary
strip
tillage
(Wischmeier,
1973).
Soil
loss
ratios
for
crop
stage
period
4
have
been
evaluated
using
average
County
grain
corn
yields
for
the
5
year
period
of
1971-1975
(Ontario
Ministry
Agric.
Food,
1976)
to
estimate
the
amount
of
residue
produced
by
applying
the
rule
of
thumb
of
a
pound
of
residue
for
each
pound
of
grain
corn
produced
(Wischmeier,
1973).
However,
since
residue
losses
during
winter
can
be
substantial,
80%
of
the
residue
weight
has
been
considered
as
an
aVerage
value
for
Ontario
during
crop
stage
period
4.
This
resi-
due
weight
value
has
been
used
to
find
the
percentage
of
total
field
surface
covered
by
mulch
during
this
period
(Wischmeier,
1973).
Using
Wischmeier's
(1973)
methodology,
soil
loss
ratios
have
been
computed
for
crop
stage
period
4
for
seven
locations
in
southern
Ontario.
Con—
s
e
r
va
t
i
o
n
t
i
l
l
a
g
e
p
r
a
c
t
i
c
e
s
and
p
l
a
n
t
i
n
g
of
corn
are
p
e
r
f
o
r
m
e
d
by
a
single
o
p
e
r
a
t
i
o
n
,
e
l
i
m
i
n
a
t
i
n
g
the
f
a
l
l
o
w
period,
crop
s
t
a
g
e
period
F,
that
l
a
s
t
s
f
r
o
m
p
r
i
m
a
r
y
t
i
l
l
a
g
e
o
p
e
r
a
t
i
o
n
s
to
p
l
a
n
t
i
n
g
o
f
the
c
r
o
p
.
B
a
s
e
d
o
n
the
n
e
w
soil
l
o
s
s
r
a
t
i
o
s
f
o
r
a
c
o
n
t
i
n
u
o
u
s
c
o
r
n
c
r
o
p
.
V
a
l
u
e
s
f
o
r
the
c
r
o
p
p
i
n
g
-
m
a
n
a
g
e
m
e
n
t
f
a
c
t
o
r
"C",
in
the
U
.
S
.
L
.
E
.
h
a
v
e
b
e
e
n
computed.
8
.
4
.
3
E
x
p
e
r
i
m
e
n
t
a
l
R
e
s
u
l
t
s
.
A
s
s
u
m
i
n
g
o
t
h
e
r
f
a
c
t
o
r
s
in
the
U
.
S
.
L
°
E
.
c
o
n
s
t
a
n
t
(
r
a
i
n
f
a
l
l
,
$011,
t
o
p
o
g
r
a
p
h
y
,
e
r
o
s
i
o
n
c
o
n
t
r
o
l
)
,
a
c
h
a
n
g
e
o
f
v
a
l
u
e
in
t
h
e
c
r
o
p
p
i
n
g
-
91
m
-
-
—
‘
a
«
m
—
-
—
—
:
—
:
:
.
-
management factor “C” results in an equal change of value in potential
soil loss due to the linear relationship of the “C” factor in the
equation with predicted soil erosion losses. Consequently, only values
for the cropping-management “C” factor are reportedu
Results of the computations of cropping—management values
under a continuous grain corn cropping system for the four tillage
treatments in seven locations in Southern Ontario are presented in
Table 24° For eValuation of the degree of effectiveness of the four
conserVation tillage practices in reducing potential soil erosion losses
from a grain corn crop, the average reduction in cropping-management
values have been expressed as percentages of the control, which is
fall
plowed
conventional
tillage
(Table
24).
8.#.4 Data Analysis and Interpretation
Table 2# indicates that zero-tillage is the most effective
(79%) conservation tillage practice in reducing potential
soil
loss.
This value (79%) is in clOSe agreement with findings from a zero till-
age study in the U.S. (U.S.D.A.,
1975).
Zero tillage involves no
seedbed preparation other than planting in narrow slots (6 cm) opened
by a fluted coulter.
Zero tillage does not incorporate any
residue,
leaving it distributed over the soil surface throughout the yearo
This
residue creates maximum soil protection against the erosive forces of
raindrop
impact
and
runoff
water
during
the
highly vulnerable
crop-
establishment
period
and
is
also
effective
during
the
growing
season
but
to
a
lesser
degree
after
harvest.
The
next
most
effective
soil
conservation
practice
in
reducing
potential
soil
loss
(70%)
from
the
present
system
of
conven-
tional
tillage
is
the
disk
and
plant
treatment,
using
a
no-till
planter
in
disked
corn
residue
(Table
24).
This
practice
leaves
the
soil
sur-
face
rough
with
a
small
amount
of
residue
incorporated,
providing
some
less
protective
residue
cover
than
the
zero
tillage methodo
Rotary
strip
tillage
has
the
potential
of
reducing
soil
loss
from
conventional
tillage
by
about
half
(Table
2h).
Rotary
strip
tillage
prepares
seed
rows
of
20
cm
wide
and
10
cm
deep,
leaving
the
inter-row
space
in
the
original
condition.
Rotary
tillage
loosens
the
soil,
makes
it
finer
by
breaking
soil
aggregates
and
mixes
about
1/3
of
the
residue
with
the
surface
soil
(Oschwald,
1973);
This
practice
results
in
a
greater
erosion
potential
than
previous
treatments,
since
a
smaller
percentage
of
the
total
field
surface
is
covered
by
mulch.
Computations
indicate
that
the
use
of
a
chisel
plow
with
points
to
20
cm
deep
previous
to
planting
corn
is
the
least
effective
practice
to
control
agricultural
erosion
(Table
21+)c
Chisel
plowing
reducespotential
soil
loss
from
conventional
tillage
by
approximately
30%.
Chisel
plowing
disturbs
more
soil
and
incorporates
more
crop
residues
than
any
of
the
three
previous
conservative
tillage
practiceso
92
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Table
24:
“
X
‘4
7'7“,
Computed Cropping Management “C” Values for Four Conservation Tillage Practices1
 
ZERO
TILLAGE
Mean
“C”
0.081#
Range
0.0780—0.0828
Standard
deviation
0.0018
R
e
d
u
c
t
i
o
n
f
r
o
m
c
o
n
-
79
ventional
fall
t
i
l
l
a
g
e
(
%
)
DISK AND PLANT
0.1154
0.1128-0.1210
0
.
0
0
2
7
70
ROTARY
STRIP
TILLAGE
0.1778
0
.
1
7
3
5
-
0
.
l
8
2
3
0.0034
53
CHISEL PLOW
WITH
POINT
S
0.2680
002602—0.2754
0.0047
30
1Data
based
on
seven
obserVations
from
different
agricultural
regions in Southern Ontario
It should be noted that percentage reductions by the four
conservation tillage practices represent maximum potential values. If
the same practices are perfonned in the fall as primary tillage or if
crops other than grain corn are considered, the reduction in soil loss
is more likely to be lower.
It is anticipated that for different crops
the relative potential of the conservation tillage practices in reducing
soil loss from conventional tillage will remain the same.
Unfortunately,
~
no soil loss ratios have been developed yet to test conservation tillage
for other crops than corn by this method.
On a watershed basis, the effectiveness of conservation
tillage practices depends on
the watershed area in continuous grain
corn
production.
Since no apparent
linear relationship exists
between
agricultural
soil
loss and sediment production,
the reduction in sediment
production
and
subsequent
sediment
yields
in streams
caused
by
using
conservation
tillage
practices
are expected
to be
much
less
than
for
agricultural erosion.
8.4.5 Conclusions
In this chapter,
the following conclusions
can be made regarding
various ways of reducing
soil erosion and sedimentation
in small
agricultural watersheds.
- The Sediment Transport
Computer Model
appears to be an excellent
tool
for evaluating
the
effectiveness
of
controlling
different
levels of
sediment
production
in
reducing
watershed
sediment
loads.
The area
of
land
requiring
erosion
control
measures
to
reduce
sediment
loads
by a
fixed
percentage
is
higher
in AG-h
than
AG-S.
-
Land
use
simulation
with
the
Sediment
Transport
Computer
Model
indicates
that
permanent
pasture
and
forest
cover
are
the
most
effective
land
uses
in
reducing
watershed
sediment
loads
by
75—83%
in
AG-h
and
by
87-91%
in
AG-S.
These
land
uses
are
not
very
practical
from
a
farming
point
of
view,
but
may
have
an
application
in
active
sediment-contributing areas.
-
Erosion
control
simulation
by
the
Sediment
Transport
Computer
Model
indicates
that
cross
slope
fanning
and
contour
farming
have
the
potential
of
reducing
watershed
sediment
loads
by
25-50%.
These
practices
have
been
found
to
be
more
effective
in
combination
with
.
strip
cropping,
reducing
sediment
yields
by
63-75%
in
both
AG-h
is
and
AG-S
watersheds.
i
-
Simulation
techniques
and
sediment
mapping
by
the
Sediment
Transport
Computer
Model
appear
to
be
excellent
tools
with
a
great
potential
for
use
in
small
agricultural
watershed
in
southern
Ontario.
The
time
consuming
detailed
data
input
is
more
than
justified
by
the
versatility of the model.
9h
i
"
i
 -
From
the
different
conservation
tillage
practices
evaluated
for
a
continuous
grain
corn
crop,
zero
tillage
has
been
found
to
be
the
most
effective
practice
in
reducing
annual
soil
loss
(79%),
followed
by
the
disk-plant
method
(70%).
Rotary
strip
tillage
has
the
potential
of
reducing
average
annual
soil
losses
by
half
and
chisel
plowing
by
about 30%.
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9.0 EXTRAPOLATION OF SEDIMENT LOADING RATES
TO AGRICULTURAL LAND
9.] Canadian Great Lakes Drainage Basin
Based on representative watersheds, suspended sediment loadings
(2 year mean, NAQUADAT Method) were extrapolated spatially to the agricul-
tural regions of southern Ontario. The spatial distribution of su5pended
sediments for southern Ontario is depicted in Figure 20.
Extrapolation of sediment loadings for the total agricultural land
area in the Canadian Great Lakes Drainage Basin was attempted based on l976
sediment loadings (NAQUADAT Method and Integration Method). The agricultural
land area is S,l65,733 he or 22.2% of the total Canadian Great Lakes Drainage
Basin (Task B). The ll agricultural regions in which the ll representative
watersheds are located, occupy 6l.l% of the total agricultural area. The
original 2] regions at the outset of the PLUARG program, for which some
information is available, represent 83% of the total agricultural land area.
The remaining 17% is in scattered low intensity fanned areas with a relatively
low potential for sheet and rill erosion and a low potential for streambank
erosion.
Figure 8 in Chapter 4 indicates that AG-l has an average load of
about 900 kg/ha.
Each of AG-h, lO, 5, l3, 3, has an average load of about
359 kg/ha and each of AG-2, l4, 6, 7, ll, has an average load of 80 kg/ha.
An equation was developed summarizing the products of percent area represented
by each of the 3 loading categories and the loading values for each category.
Consequently, the loading from agricultural land in the Canadian Great Lakes
Drainage Basin has been determined to be:
Annual unit area loading = (7.8% X 900 kg/ha) + (26.2% X 350 kg/ha)
+
(6690
x
80
kg/ha)
=
70.2'+
91.7
+
52.8
= 215 kg/ha.
When mean sediment loads (NAQUADAT Method) were used for this
calculation,
a similar loading figure was
obtained.
in conclusion, the
contribution from all
agricultural
lands in the Canadian
Great Lakes Drainage
Basin has been estimated
to have a unit area suspended sediment
load of
2l5 kg/ha/yr.
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Figure
20:
Spatial
Distribution
of
Suspended
Sediment
Loads
for
Agricultural
land
in
Southern
Ontario
 9.2 Grand and Saugeen Rivers
This
section
discusses
results
of
different
approaches
towards
sediment
load
prediction
in
the
Grand
and
Saugeen
Rivers.
Previous
infonnation
and
findings
for
the
ll
agricultural
watersheds
have
been
used
for
extrapolation
to
both
river
basins.
9.2.] Regression Equation
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the
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APPENDIX 1
g Predicted sheet and rill erosion losses for representative agricultural
watersheds in 1976.
1976 sheet and rill erosion losses For AG-3
(Little Ausable River)
1976 sheet and rill erosion losses for AG-h
(Canagagigue Creek)
1976 sheet and rill erosion losses for AG-S
(Holiday Creek)
' 1976 sheet and rill erosion losses for AG-lO
5
(North Creek Branch of Twenty Mile Creek)
1976 sheet and rill erosion losses for AG-l3
(Hillman Creek, West Branch)
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1
0
6
1976
Sheet and r111 erosion losses for AG—3
(Little Ausable River)
MONTH
JANUARY
FEBR
UARY
MAR
CH
APRIL
MA
Y
J
U
N
E
JU
LY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECE
MBER
AVERAGE
SOIL
LOSS
RATIOS
(C)
0.35
__ "R" VALUE
1976 .LONGTERM
1.78
0.46
3.21
0.69
0.35
0
0.74
0.35
19.73
4.15
0.35
8.88
4.53
0.35
12.88
9.06
0.48
60.79
15.34
0.33
10.51
15.99
0.16
17.26
8.59
0.16
1.97
3.48
0.23
0
1.68
0.35
0
1.11
0.35
RXC
0.623
1.124
0
6.906
3.1
08
6.1
82
20.061
1.6
82
2.762
0.453
0
0
16
.1
7.
2
14.4
46.8
3.9
6.4
1.1
SOIL
LOSS
 
(metric tons)
1113.8
1930.5
0
11954.3
5346.0
10692.0
347
49.
1
2895.8
4752.0
816.8
ADJUSTED
FOR
SNOW
(
Z
)
3.
5
5.6
10.0
16.1
7.
2
14.4
3.9
6.4
1.1
(metric tons)
2598.8
4158.0
7425.0
11954.3
5346.0
10692.0
34749.1
2895.8
4752.0
816.8
(ton/ha)
0.419
0.671
1.198
1.928
0.862
1.7
25
5.605
0.467
0.766
0.132
0
0
YEAR
137.01
65.82
42.901 1
0
0
.
0
74250.3 1
1
5
.
0
85387.8 13.773
 
.44Wrguw---¢Mhac .: .. .
1
0
7
1976 Sheet and rill erosion losses for AG—4 (Canagagigue
Creek)
 
MONTH
JANUARY
FEBRUARY
MARCH
APRIL
MA
Y
JUNE
JU
LY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER
"R"
VALUE
 
1976
2.38
3.80
6.
22
12.50
8.56
34.06
16.66
0
9.67
4.93
LONGTERM
0.40
1.22
1.18
4.21
4.38
17.33
19.99
19.25
7.68
6.42
5.63
0.96
AVERAGE
SOIL
LOSS
RATIOS
(C)
0.28
0.28
0.
28
0.28
0.33
0.20
0.05
0.05
0.08
0.08
0.28
0.28
RXC
0.666
1.064
1.742
3.500
2.825
6.812
0.833
RXC
(Z)
3.
6
5.7
9.
4
18.8
15.2
36.5
4
.
5
4.2
2
.
1
SOIL LOSS
 
ADJUSTED
FOR
SNOW
(metric tons)
(2)
155.6
5.6
246.4
8.7
406.3
19.4
812.6
18.8
657.0
15.2
1577.7
36.5
194.5
4.5
0
0
181.5
4.2
90.8
2.1
(metric tons)
242.1
376.1
838.6
812.6
657.0
1577.7
194.5
0
181.5
90
.8
(ton/ha)
0.130
0.2
02
0.451
0.4
37
0.353
0.8
48
0.105
0
0.098
0.049
YEAR
98.78
88.65
18.610
10
0.
0
4322.6 115.0
4970.9 2.673
 1
0
8
1976 Sheet and rill erosion losses for AG—S (Holiday Creek)
SOIL LOSS '
 
AVERAG
E
ADJUST
ED
SOIL LOSS
FOR SNOW
MONTH
“R” VALUE
RATIOS
RXC
RxC
1976 LONGTERM (C) (2) (metric tons) (Z) (metric tons) (ton/ha)
 
JANUARY 2.0
5 0.06
0.50 1.323
1.0 891.2
3.0 2160
.0 . 0.721
FEBRUARY 0 0.69 0.50 0 0 0 3.0 1909.7 0.637
MARCH 13.63 0.70 0.50 7.360 7.8 0965.3 17.8 - 11331.1 3.777
APRIL 15.55 0.15 0.50 8.397 8.9 5665.6 8.9 5665.6 1.889
MAY 10.99 0.53 0.65 9.700 10.3 6556.8 10.3 6556.8 2.186
JUNE 6.77 9.06 0.00 2.979 I 3.1 1973.0 3.1 1973.0 0.658
JULY 135.28 15.30 0.19 25.703 27.2 ‘17315.0 27.2 17315.0 5.772
AUGUST 163.1 15.99 0.19 30.989 32.8 20879.9 32.8 20879.9 I 6.959
SEPTEMBER 11.7 8.59 0.36 0.212 0.0 2800.9 0.0 2800.9 0.930
OCTOBER 8.09 3.08 0.36 3.056 3.2 2037.1 3.2 2037 1 0.679
NOVEMBER 1.51 1.68 0.50 0.815 0.9 572.9 0.9 572 9 0.191
DECEMBER 0 1.1] 0.5“ 0 0 0 O 0 0
YEAR 373.07 65.82
94.579 100.0 63658.] 115.0 73206.8 24.402
—I
O
\O
1976
Sheet
and
r111 erosion 1osses for AG-13 (Hi11man Creek Watershed, West Branch)
 
MONTH
AVERAGE
SOIL LOSS
“R” VALUE
RATIOS
T576"'I6ﬁETEﬁﬁ
(c)
R
x
C
SOIL LOSS
 
(metric tons)
(%
)
ADJUSTED
FOR SNOW
(metric tons)
(ton
/ha)
JANUARY
FEBRUARY
VMA
RCH
APRIL
MA
Y
JU
NE
J
U
L
Y
AU
GU
ST
SEPTEMBER
OCT
OBE
R
NOVE
MBER
DE
CE
MB
ER
5.32
0.53
0.45
1
7
.
9
9
12.33
11
.5
2
1
.
0
3
0
.
4
5
1.81
0.45
4
.
7
1
0
.
4
5
5.13
6.32
0.65
24.23
16.69
0.53
35.36
26.27
0.26
0
20.72
0.26
16.82
7.59
0.26
4.79
4.48
0.45
2.49
1.65
0.45
o
3.20
0.45
2-39
8.09
5
.
5
4
5
.
1
8
3.3
12.84
~
9
.
1
9
4
.
3
2.1
u
6
9
A
35
2
4
73
5
6
2
1
17
9
.
6
6.1
3.7
.0
3
.
9
2.1
908.8
3077.5
2106.8
1982.8
1259-9
895.1
511-3
0
1673.0
805.5
4
3
3
.
7
0
5
.
4
1
6
.
9
17.2
\
0
C
H
6.1
23.7
17.0
8.1
3-9
2.1
1115.3
3490.6
3552.6
1982.8
1259.9
4895.1
3511.3
0
1673.0
8
0
5
.
5
4
3
3
.
7
0
0.560
1.
75
4
1
.
7
8
5
0.9
96
0
.
6
3
3
2.459
1.7
64
0
0.841
0
.
4
0
5
0.218
Y
E
A
R
13
5.
98
95
.0
5
4
.
2 41
1
0
0
.
0
20654.6
11
0.
0
2272.0
11.417
 1
1
0
 
1976
Sheet
and
riII
erosion
losses
for AG-IO
(North
Creek
Branch
of Twenty
MiIe
Creek)
SOIL
LOSS
 
AVERAGE
ADJUSTED
SOIL LOSS
FOR SNOW
MONTH
“R”
VALUE
RATIOS
RXC
RXC
T§7E—__L0NETEEM
(C)
(%)
(metric tons)
(%)
(metric tons)
(ton/ha)
JANUARY
2.18
0.34
0.43
0.937
2.2
105.6
3.2
153.7
0.051
FEBRUARY
1.77
0.71
0.43
0.761
1.8
86.4
3.8
182.5
0.060
MARCH
12.02
1.50
0.43
5.169
12.2
585.8
19.2
921.9
0.305
APRIL
16.30
3.14
0.43
7.009
16.6
797.1
16.6
797.1
0.264
MAY
17.24
3.54
0.43
7.413
17.5
840.4
17.5
840.4
0.278
JUNE
25.67
11.00
0.58
14.889
35.1
1685.5
35.1
1685.5
0.557
JULY-
9.24
12.76
0.38
3.511 '
8.3
398.6
8.3
398.6
0.132
AUGUST
2.37
16.18
0.16
0-379
0.9
43.2
0.9
43.2
0.014
SEPTEMBER
7.13
7.39
0.16
1.141
2.7
129.7
2.7
129.7
0.043
OCTOBER
2.60
5.61
0.19
0.494
1.2
57.6
1.2
57.6
0.019
NOVEMBER
0
2.21
0.43
0
0
0
0
0
0
DECEMBER
1.50
0.78
0.43
0.645
1.5
72.0
1.5
72.0
0.024
YEAR
98.02
65.16
42.348
100.0
4802.0
110.0
5282.2
1.746
 APPENDIX 2
Predicted Longterm Average Annual Sheet Erosion Losses for Representative
Agricultural Watersheds
 
- Longterm average annual predicted erosion losses for AG-2
- Longterm average annual predicted erosion losses for AG-3
- Longterm average annual predicted erosion losses for AG-h
— Longterm average annual predicted erosion losses for AG-S
— Longterm average annual predicted erosion losses for AG-6
- Longterm average annual predicted erosion losses for AG—7
- Longterm average annual predicted erosion losses for AG-lO
- Longterm average annual
predicted erosion losses for AG-ll
- Longterm average annual
predicted erosion losses for AG-13
- Longterm average annual predicted erosion losses for AG-lh
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APPENDIX 3
  Detailed Analysis of Several
Computational
Methods for Estimation of
Fluvial Sediment Loads
   
  
In order to ascertain the accuracy and
precision associated with the
application of various
sediment loading computational
methods to various
sampling
frequencies
of
suspended
sediment
concentrations,
the
following
study stages were designed and performed:
 
  
    
 
1.
Three
years
of daily
suspended
sediment
loading
data
for
the
Big
Otter
Creek
in
Southern
Ontario
(Sediment
Data
for
Canadian
Rivers-
1971,
1972,
1973)
were
selected
as
a base
population.
In
addition
to
the
daily
suspended
sediment
loads,
daily
streamflow
values,
sampled
concentration
Values
and
estimated
mean
daily
concentrations
were
aVailableo
  
   
  
Four
sampling
frequencies
were
selected
for
application
to
the
base
population.
These
frequencies
included:
(i)
one
concentration
sample
per
month
for
only
the
summer
months
i.e.
April
through
October,
(ii)
one
sample
per
month
for
the
year,
(iii)
one
sample
per
week
for
the
year
and
(iv)
one
sample
per
week
plus
one
sample
on
each
day
when
the
daily
flow
exceeded
a
selected
extreme
value.
The
three
year
population
was
sampled
three
times
at
each
frequency,
yielding
nine
effective
years
of
sampling°
  
  
    
     
      
30
Five
computational
methods
were
applied
to
the
various
samples
of
suspended
sediment
concentration
values
in
conjunction
with
the
record
of
daily
flows
to
compute
estimates
of
annual
sediment
loads.
Each
method
is
identified
below:
  
       
 
a) Simple equation:
Qs = C x Q
 
where
Qsis
the
estimated
annual
suspended
sediment
load,
  
 
c
is
the
mean
of
the
suspended
sediment
con-
centration
samples
obtained
during
the
year,
and
Qis
t
h
e
annual
s
t
r
e
a
m
f
l
o
w
.
b)
Linear
interpolation:
3 i)
ci X Qi
1
Q5:
l
l
M
m
i
where
Qs
is
as
defined
above,
ci
is
the
estimated
mean
daily
sediment
c
o
n
c
e
n
t
r
a
t
i
o
n
(i.e.
the
sampled
Value
for
a
sampled
day,
or
a
linearly
i
n
t
e
r
p
o
l
a
t
e
d
va
l
ue
between
sampled
values
for
those
days
when
c
o
n
c
e
n
t
r
a
t
i
o
n
was
not
sampled),
and
Qi
i
s
t
h
e
m
e
a
n
d
a
i
l
y
s
t
r
e
a
m
f
l
o
w
.
c)
B
e
a
l
e
r
a
t
i
o
e
s
t
i
m
a
t
e
s
:
Qs
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t
i
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t
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d
by
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t
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t
i
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r
p
r
o
c
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i
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e
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in
1977
by
the
I
J
C
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P
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R
G
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v
i
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i
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s
.
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v
e
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T
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q
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g
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v
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n
i
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v
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:
b
T
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i
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e
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w
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i
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i
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(d)
i
n
t
h
a
t
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e
d
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n
t
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 5. The standard duration of the dS/Qs ratio was also determined for
each sampling frequency and each method as an index of precision.
(see Figure A-3.l).
The summary of results presented in Figure A-3.l reveal the following:
J-
4\
.v-
4x
The multiple rating curve (or integration) method is the most accurate
and the most precise method of those tested for all but the lowest
sampling Frequency.
The simple annual equation is reasonably precise but very inaccurate.
If the inaccuracy were consistent from river to river, a simple
correction could be applied (in light of the precision).
The Beale ratio estimator is reasonably accurate at the highest
sampling Frequencies, is the only method
to overpredict on the average
at the highest frequency and is the least precise of the methods
tested.
This last observation is critical
when the method is applied
to only one or two years of data.
The linear interpolation and single rating curve are reasonably
accurate and moderately precise at the highest sampling frequencies.
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Figure A-3.1:
The mean and standard deviation of the ratio Ids/Q5 as indices of the accuracy and precision of various
sampling frequencies and computational methods for determining sediment loads.
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APPENDIX A
Measured Monthly Suspended Sediment Loads for 11 Agricultural Watersheds
and 1+ Subbasins of AG-l+ and AG-S (kg/ha/1976).
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APPENDIX 4:
Measured
Suspended
Sediment
Loads
by
Month
for
11
Agricultural
Watershedsland
4
Subbasins
of AG—4
and NH2
(kg/ha/1976)
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1Naquadat method of sediment load computation for the 11 watersheds
2Integration method of sediment load computations for the four subbasins
3Problems with flow measurements from June 1976 - December 1976
“Estimated
values
 APPENDIX 5
Monthly suspended sediment loads (Naquadat Method) for the ll
agricultural watersheds, measured data.
AG-l (Big Creek)
AG-Z (Venison Creek)
AG-3 (Little Ausable)
AG-h (Canagagigue Creek)
AG-S (Holiday Creek)
AG-6 Nameless
AG-7 (Shelter Valley)
AG-lO (North Creek)
AG-ll (Salt Creek)
AG-13 (Hillman Creek) .
AG—m (Mill Creek) 1*
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